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A«  INDIA  SXPEJ.  CIjCoH 

A considerable  amount  -*f  tis&b  and  c-ff ert  has  been  pj.enfc 
In  pro  paring  apparatus  for  “.tr  ipia-enttf  tn  bo  fcj  jutuotsd  by 
Dro  Mo  Ao  Pomerantz  In  the  \?lmala,yan  Mov stains  in  India  end 
in  radiosonde  flights  in  6l--*rse  location*  o Dro  Pomsrantr  Is 
at  present  on  route  to  Indi-  under  tin  s unpiooa  of  a Pulbrigfct 
Awards  He  has  with  hlo  oncagh  of  the  equipment  to  oommetfc® 
operations  and  further  oquluaent  5 a being  pent  to  hiifit, 

The  general  nature  of  this  work  coinprlnea  measurements 
at  high  altitude*  of  thtj  primary  eosu-.lc  rr-  y Intensity  utilizing 
Geiger  counter  tcohn'.qu*  a described  in  earlier  reports  end 
utilizing  alaOj  as  part  of  the  equipment.*  high-pro asure 
Ionization  chamber*  dev.*  -?ed  by  Dr.,  Go  W„  hc&Iuro  and  controlled 
by  the  Geiger  counters  aforesaid,:.  It  will  be  recalled  that 
Dr<>  McClure's  ionization  cl*  cbers  uavo  ».!•»  eauy  been  beafcal  arid 
used  by  him  in  connection  with  fllghta  mho  In  polar  rog’.onoo- 


The  purpose  of  these  abuer*  utions  la*  of  *.oursn(>  to  iu.ee  • Urtnat* 
between  the  various  kinds  of  inco  p.'i:t’"-x"ie^0  with  p = 
oular  emphasis  on  the  determinable, i of  tv*  c*®parfcirtle  oo  •pauenfco 
To  the  same  endp  soma  pl;<> to  -,raphi<i  plats  3 will  be  fXov.\i0 

In  addition  to  the  foryjooiog  «*baar#  ifcion* , fcho  pr-»g-q.a 
includes  iceasuromonfco  of  neubx*o:.>  internal  '.y  with  bar  on  ■•trl  fluoride 
counters  at  various  &rou.\d  a l ;J. tudos  s ua.i  as  are  r/ntaixrfcle 
It*  the  Hivnlayan  Bornb&i’uSo 


l°he  total  aujounu  o'  eoMipneni  either  r.fc  present  v*Vl- 
Ui\.  Pomerenta:*  en  route  to  biro*  ox  i~  pa  sj  '■-.ration  for 
shipment  o comprise  a the  a o':  ^nwiiq.r  :itr-  ti  nix  balloon- 
borne  instruments  oonteJ  nir  ’ Coigr . ■*~r.i\elU  r counter  tele 
scopes  in  whiofc  various  r-fiKv,ut  * t »x  Fo  absorber  will  be 
interposed*  twenty-four  '>a5  .iM\-u«Vic:nri  in  it  rtt&ienfcs  each  con- 
taining a hxgh-presaure  ion /safe iox.  a.’ iambs 3 controlled  by  a 
G=M  counter  telescopes  fl  r.:id  wo  ne>v a\m  cot  siting  systems  for 
ground  ob so rva 1 1 on a 0 Xu  adit  Ion  ;o  the  s.otual  recording; 
instrument  % numerous  p.\oo?»M  of  c^nijnie.vi  t required  for  tho- 
rough teats  of  the  perform?' ioe  of  ;hv; >&  instruments  are  i i- 
eluded  arnon;;  the  supplier* 


b?  a mjcmn&suHw  of 


REE*  3XI.W.IMK  AW)  A 

vmx&xckTxo*  or  the  rkiativxetiu  *aa»iiHRr>xo»  pur 

VARIATION  OF  LIFETIME  WITH  MOMENTUM 


In  the  First;  AnnuRl  Report  r-sferen?  s was  made  %o  as* 
experiment  which,  at  that  tlae,  bad  been  ^ompletfcdp  ini 
'utnaamed  with  ae  investigation  described  in  ths  title  a 
A -ncpy  3ff  the  completed  paper  cn  this  matter,  ehieh  has 
been  sent  in  far  publication^  is  appended  to  this  Report© 


COLLABORATION  IN  THE  EXPEDITION  TO  GREENLAND  SPONSORED 
BY  THE  OFFICE  OF  NAVAL  RESEARCH 


Four  three  ^promd  packets  of  aunlear  emulsion  vrere  prepared 
fe-r  the  balloon  flight  and  delivered  by  Mr-.  Donald  Kent  is 
Xt©  Eri®ksonc  A:lr  Traffic  Liaison  Offi®cr8  Vest  over  Air  Fore® 
Base*  on  July  W52o  Ti»  o instruction  of  © typical  pa  ©feet 
la  shown  in  the  accompanying  figure©  Ths  packets  were  arranged 
16e  obtain  as  much  data  as  practicable  sbasserning  pai  titles  having 
a charge  *-  > 2 In  the  primary  cosmic  radiation  at  fcig*  magneti? 
latitudes o Instructions  were  given  to  fly  one  packet  or.  each 
of  the  four  projected  flights^  in  the  interests  of  irariiMUK 
opportunity  far  re  covering  &mt-  emulsio-n  material© 

The  packet?  consisted  of  pairs  of  6‘5  >'  6W  plat;-  c svated  wit  u 
thick  sensitive  and  insensitive  enrols  less©  The  emulsion  surfac:' 
w-m!R  aep&roted  by  paper  spacers  at  the  side-  and  »«r?  firs?'; 


r 


fcogethaa"  by  a Vwnid  of  p*  f?aj«s  nk'mnft  the  backlog?.** 

Them©  pairs  of  pXi-.fcor.  v-©jr*-'  ©ntilmiftd  in  ea«h  bo «e  supp^-fto^.  la 
a grooved  framework  ©C  halm  wood,  The  purpoati  ©f  tehio  fxmrm^ 
work  was  to  insure  that  each  pair  be  exposed  to  that  a ffif-aa’A5?a.teI© 
track  In  one  pair  of  plate* n @ould  not  have  passed  through  any 
other  p»irp  thus  InoEeassing  the  number  of  Independent  observations 
available  for  dstcyMl.nafe.lon  of  the  flux ,>  ‘So  establish  the  value 
of  the  charge  of  a heavy  primary „ ife  1b  necessary*,  in  general e 


to  observe  the 


over  a length  greater  than  3 ram®  %n  the 


emulsion*  Thus  only  those  tracks  which  Ha  near  to  the  plane  of 
the  emulsion  are  useful  in  determining  the  ©barge  distribution  of 
the  fluxo 

The  plates  used  in  making  up  the  pairs  were  Ilford  G50  400p 
and  600p.  and  Ilford  G2„  200p.o  There  were  also  some  Eastman  Kodak 
NTB3  plate 8 250pfi  6®  X The  purpose  of  the  insensitive  €2  plates 

is  to  permit  a better  measurement  of  the  wore  heavily  ionizing  par- 
ticle sa  The  arrangement  allows  a threefold  measurement  to  be  made 


on  each  tracks  X 


=ray  counts  are  made  in  the  electron  sensitive 


emulsion^  2)  graLn  density  measurement  is  mada  on  the  portion  of 
the  track  which  appears  in  the  facing  insensitive  emulsion * 

3)  multiple  coulomb  scattering  auu,  in  soma  oa ae s 0 rank’s  do  termina- 
tions are  made  to  establish  the  velocity  of  the  parti©?-©  c From 
the Bci  measurements  fehe  charges  ©an  than  be  ci© terrain© do 

An  ‘’emulsion  ©loud  chaoslier®  ©onsiafelng  of  A8  Easbrian  pellicle© 
wan  Included  in  one  of  tho  packets*  Tine  palliuleh  wnr-  > 

1®  X 3“  X 2fiGp;  8ss.n«»itive  and  innenaltlvo  ewuleiona  wf;r«  tutor™ 

UBfiiVcsio  '4rh.ii5  &h  *sy  njwty  j»o3.1u>wing  d.  ,;h"--VPlS  *»hrw’ ’ { /’*  r-u  riU-iVi 


tin  o im>i  ox  < ‘Htff 
ft'Xa  n 3 brush  fox/?;  * 


> n.l: 


')■•>■!.  c:h  |H.\ri3forA*£  tlfo-'OUgh  t*U  iKfcesPV^ 

Xb^!  ads'ani-f.i&o  of  this  arrangement  Ik  hbnfe 


blfcd  pUJr'tiXtiX^i  ijOfW 

me:  amir.:*-! 


\k,  in  any  particular  plcma  to  allow 
*c::ih  uf  £c>nlz&b}.cm0  The  disadvantags  it? 


& Jlf  cm!  h^y  1 r» 

*■  <-J  ~*J  “ n 


^ mtiv6  S vn « *• 

L..T,rt  ^ 


W.IW.A  VJ»A  JJ". 


f'iwv‘eluiiJiH««u  throughout  the 


iX8  emulsions e 


UmlM.hion  measurements  can  be  made 


comparable  In  ac&urasy  to  those  in  the  plateoc 


J?wo  of  uhe  four  pro Jaoted  .flights  were  successful^  one 
remaining  at  ¥0,009  feet  for  three  hours » J?he  equipment  descended 
by  parachute  In  om  case  to  Ellesmere  Island  and  In  the  other  to  ths 
Greenland  icecap*  Unfortunately p in  both  oases,  ad/eroe  weather 
conditions  prevented  recovery  of  the  plates,  3?here  is  some 
possibility  that  the  packages  my  bo  salvaged  in  the  spring, 
and  a reward  of  &10Q  baa  been  posted  by  Dre  Marcel  Sehein, 


A a 


INSTFJUMEN&Yi'  1027  A 
REMTXNG  TO  THE  VAN 


O l.Wiu 


StfCLSAR  HEACTJrVrlS 


HE  GHAAFF  GEBERATOR* 


For  th*  first  part  ri  the?  rcport^year  the  operates®* 
t,f  the  small.  Yan  d©  Gznafi  was  fairly  satisfactory,,  and 
f*©m®  progress  was  mad®  in  measuring  the  total  nautron 
scattering  e>r@??s  section®  of  same  of  the  elements o Is 
the  ©orly  sprang  several  difficulties  developed  whlefc 
culminated  in  the  oomplete  failure  of  the  urc-typs  lan 
source  due  t©  pelse^ing  of  the?  filament o Same  time  wa§ 
#pent  trying  to  find  chi  s^urc©  of  th®  trouble  without 
;-iu<3®©3a  and  finally  an  4F  ion  sour@®  was  installed  in  the 
existing  headc  This  improved  the  situation  but  several 
leaks  in  the  vacuum  tube  and  an  inability  t®  fomis  th? 
beam  abov®  400  Kv  prevented  operation o A new  h@ad  was 


installed  with  higher  focusing  voltage  supplies^  new 
focroaing  electrodes  wars  installed  and  the  leaks  were  * 
gradually  feund  and  ©ur&d,  and  by  late  summer  the  general 

raa  bask  in  opera  t£©tio 


Olw  F.F  im  source  y&  u of  the  type  developed  in  ■■•h.te 
laboratory  by  s&ann  and  Swingle  and  used  in  f-he  largfc 


V«M£  i1*'  ffikaalf  o The  f^Sttkling  a'U1  i> 

v«i;sy  simil&s*  to  «?h?.'!.  in  this  Iirfss  p&n&xs\‘cizx-  t-rycpt 


£i*at-  feh®  high  voltage  "«;s  ^^./vod®  had 

nt  th®  smaller  die  mater  *.aT  the  tuteo 

Mu  ■r'SM  MU*  MM.  WM  %U.  '5  HdO  -4~  %*  >1  UA  «Ab  a w.  iA  Ab  kjur  ..  - M “C  JV  , , JH—  ■«.  „ JS  „ 

rtf»wuuM^  U4«%»  jai  voAiueuM  vxwwwiUttWj 


i?©  hr-  mud?  f led  b*t'Mum 
In  tbs?  final  faemairc 

?Am  tu&ju  vvltage  #Am/s; 


trod®  end  the  first  tuba  ele strode  are  all,  the  same  diamstero 


The  nan  head0  which  w§*s  designed  for  ruggedneas,, 
piotmass  and  oonvenien©®  af  servicing,,  hast  all  of  its  ©©sa- 
pementa  mounted  on  four  plates  which  are  assembled  on© 
above  the  other  with  spacer  rodso  Th©  bottom  plat®  supposes 
fcha  belt  pulley  and  the  high  voltage  electrode  and  ia  eon* 
nested  to  the  high  voltage  focusing  elsotrode s This  plat© 
la  electrically  Insulated  from  the  second  by  Incite  rods 
and  a rubber  V^belt  which  drives  the  409  cy©l@  generator o 
Uhe  second  plate  contains  the  400  <ay©l®  generator5,,  the 
asoillatar,  the  ©asillatar  power  supply  and  th#  blowers  all 
of  which  are  complete  units  and  ©an  be  separately  removed 
from  the  plate o Originally  a the  second  plate  supported  ass 
aluminum  sleetrode  which  shielded  th®  upp^r  plates  from  ti® 
Mgto  voltage  electrode  but  this  was  found  unnecessary o Th® 
third  and  fourth  plates  are  h&©k  to  baek&  the  third  suppont^ 
the  control  variaos  and  the  palladium  leak  end  the  associated 
vacuum  system,,  the  fewrth  is  the  chassis  fm>  «h»  30  Zr  frettft- 
?«rg  supply*,  the  19  Kv  fot  nailing  supply  and  tb»  prob-#  supply*: 


‘fhar®  ttvt-  i%y.,T£  A?:. 

^iSi’feia.'y  iliifilu  b‘3 

Th*  p®4  ii"f  t-3b 

the  ©lagging  -of  the  SO  r- 


■Jkw  nysstesw  thut  lO.j.H 

Ci-Jl  • - ,».  I-  ■,'  -i:'jLjSAJ;’itig  '■>  ‘i  -•  ViPilJLn  vti  ' l!  •>■ 

f:  •I'ijpjiiHJdls  in  tlife  amr**^**  anti 
£1  hole  4in  the  first  HF  sourc®  ih : 


dilated  that  the  s ouroe  of  the*  contamination  the  vacuum 


tube*  We  tried  t©  redrn-  e this  effect  with  a dry  i®®=ac«t©n@ 
©eld  trap  In  the  main  vr.ciuum  system  and  larger  diameter 
pumping  lead  betfieen  the  diffusion  pomp  and  the  fore  pump0 
™h©  capillary  in  the  RF  source  isas  enlarged  te  40  rails* 

■these  two  steps  cured  the  contamination  trouble  o 

Several  changes  and  improvement©  have  been  mad®  te 
to  improve  the  stability  of  the  generatoro  Eleotro- 
static  deflectors  have  been  installed  in  the  vacuum  tube 
to  ©enter  the  beam  on  the  analysing  magneto  flew  connectors 
between  the  true  electrodes  and  th®  rings  have  bean  install sdo 
The  target  end  of  the  vacuum  tube  has  been  completely  rebuilt 
and  a small  diffusion  pump  added  at  the  target  o The  ©crossa 
stabiliser  system  has  bten  overhauled  and  & Sals y®  driver' 
probe  has  been  installs©. o 

On  the  long  term  basis  a nsw  magnet  box  is  bs>lng  d;  - 
edgned  which  will  incorporate  two  sets  of  itam  defining 
elite  and  a twrsioft  balance  sc-  that  the  magnet  ©an  br*  u?»€d 
cis  an  energy  analyser  o The  torsion  baluanm  is  under  eon- 
f?trustion0  The  parts  for  a new  tube  are  completed,-  and  will 
he  assembled  in  the  near  future?  the  n@v.i  tube-  mill  b$  i «= 


stalled  when  the  situate  nn  warrants  %to 


been 


\V3ns*  iim'X*  *•-*  in\u 


0 «!.*  itvl 


V,  4»V-»  t-v  ~ - :■  - 4 ^ ). 

' 'i'^A.If  j t$&r~Z»  4.  ..*  j'  , \ 


' r:  t. * * jJ  i.*ijE ;* ' V ■ V-  * -*  ,l  4 O * ' ' ^ V)  vijf  i-- 


,S>  ■'  f 

■k  i ,,  • -.  ?-  Aa[  ^ 1 ju-p  T;  ,J  B 9«?  V ,,  f 

til*  H'iPfU^  i.Sir»iih©ld  av  Jt%v«  A svn£tsv;r@  of  tte 

ayimwnr  Rnp«Ri?  4**  '^fM*  '; ?wi'i?S3  th¥  fc«TL£ 


°Jf  r V*  \ 

S jj. .,  <.T>  f -V£ 

3, 


widths  02'  ttei  rasanan©®  ]>*i?.I?.r  and  *'»*>  test*  tte»  ^ Kv0 

The  HP  ion  aoup©©  tea  given  a rcaxiint&  ©iusratrfc  of  15  gia  of 

mia lyred  protons.,  but  tba  bust  stability  :i.3  obtained  between 
yt  gw  and  5 p»9  tuat  there  in  at  ill  a ©artain  aaounli  of  in~ 
stability  in  the  position  of  th®  beam  o Tlrs  high  voltage 
his  been  up  to  3U62  S4ev  >ori  mi?  'instable  o However 9 data 
hie  bees  taken  at  lo52  Mew*  and  with  more  operation  th® 
higher  voltage  will  probably  os  attained o 'ffjLth  th®  oorena 
regulator  working  properly,,  th?  voltage  ia  ■sonstant  to  + 2 KV® 


Total  Meutroa  Or-oea  Scotlghs 


Th*  m@«Rius\8ifiient  of  the  total  neutron  ©r©8a  s®@ti@n©  of 

so®®  of  the  elements  is  being  continued  by  uctasurlng  the 

fe'^nasiMiMi  of  dj  ae®  fw  aasnoenergf  o nfcntjtw*  fr*?in.  th® 

T?  PpUil'H®^  rancflslfi&o  The  ©rose  sections  fvr  oopper  and 

mgraesiuM  have  bejen  masswreil  to  teat  the  1;®ehni<s&i*a  and  tte. 

# 

apparatus 9 and  ive  tmvss  @ :ap.\att>&  thi»  menouvenent  of  tht 
*«*o«8  section  of  gold  f5n«  Z(Xi  Kv  to  7Pf>  Kr* 
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'sh  * target 0 the  s'-mpi;;  V«i«  a &£ 

about  ta  3 1/^  from  the  target « tfh*  mpl* 

•maltlen  was  mnimd  «;tparii&bntnlly  t$  s\  ?t<  a Hiinimt&i  *?«$ 

Coring  am  ©s*xa»«o  £JL«aic  The  ?^il<uKing  prceedut*  ms  u3®d  Cox 

‘taking  data,,  the  neutron  flux  was  determined  with  no  aai«:?le0 

th*  flux  was  d^tiy.r.nin#d  with  3ampXen  the  background  mis 

tennlned  with  sample  in  pla*s«  and  a pa  raff  is*  sene  b-stwees  it 

tvnd  th®  oountejr <-,  The  resolution,  as  niea$ur**«I  fey  the  thr-ash- 

■* 

old  curve  for  thn  lCCpr m&  5rJ>  Kv9  thia  ala©  ©heekc  very 
it®  11  with  the  cross  seoticm  far  the  rescue no#®  in  Mgo  Th© 
cjjpsae  aeot&ons  »?»ra  s©?nput8d0  meting  eoriectfane  f»  in= 
noattexlng  and  background* 


A balance©  r measuring  th©  magnetic  f iold0  a tf.vgt*. 
©h?>mber  and  a au?;ji»5iUataim  detector  and  amplifier  hfev© 
l«‘-«  ©ors trusted  ar-d  tested  <>  Tlri  balan©**  his  b©*$s  eaiiU: 
v!.a  ng  th©  ^ --pnr;:5u*le»  fresa  polonium  a«d  the  ^dga  of  fchr 
ssi  reproducible  ■'-,•»  better  than  0..02jCo  Ths  tMv-got  ■nhAi.ib?:' 
sl:'ta  to  define  r;ht>  beam0  a movable  target  v\Xi>pm:%9  hu 


ab*<d 

w-ak 

liar» 


i.K  "tartiala  taurs*  v.'hiaii  be  inserted  :iu  place  Qf  tbs 
tawanet . and  « mAvnbla  slit  system  tfi  jnaaa'it¥a  the  asaala  ba~ 
tareen  ths  incoming  bsam  vviu  ths  outgoing  particle a o Xhc 
seteotor  i»  a stillbena  crystal  mount ad  sis  a 5819  ph©t©» 


Kultiplier  and  magnetisaiiiy  shielded o i'l&f  proton  spe©i3r©“ 
metar  is  essentially  Gemplete  and  w®  plan  ts  use  it  . as  soon 
os  wo  @an  snake  tho  generator  operation  more  stable  o 


gcutrona  from  the  Pis  into gggt  Ion  of  He©n  by  Deuterons 


The  stable  isotopes  of  neon  ar®  N®6*  3 N«  0 and  He  ? 
the  relative  abundance  of  He6*  being  more  than  90$  c,  Tte® 
high  oonoentratlon  of  this  iaotope  in  naturally  occurring 
neon  makes  It  possible  t-t*  study  oertain  reactions  without 
the  use  of  stable  isotope a*  When  Ne^  is  irradiated  by 
ssutronsp  on*  of  the  several  competing  nuclear  reactions  is 

Cl)  M2Q  <►  D M21  * H1  - Q 


where  Q is  the  energy  release  of  the  reaotiouio  This  Q°vaiu® 
be  oalsulated  from  several  other  auolear  reactions  which 


are  already  know®.c  Thes’S  arec 
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If  reactions  {%}  and  (4)  »y©  aai)t^i-3t©d  S:?ma  reaction  <2)j 

the  result 
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Q b G«225  + 9e0£2  Mev 
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that  observed  is  reaction  i I. ) o 


A thin  gaseous  target  of  neon  was  irradiated  by 
deuterons  of  mean  energy  l09  Mevp  supplied  by  the  Bartol 
Van  de  Graaff  statitrcco  The  emitted  neutrons  nere  observed 
at  angles  of  asero  and  00"  with  the  inoident  deuterons  by 
the  method  of  recoil  protons  in  Eastman  NTA  platen o The 
observed  neutron  spectrum  for  Q®  and  90®  ie  shown  in 
Plgure  1 o Emulsion  thioltn^sses  of  109  and  200  j/t  were 
employed «>  The  most  pronounced  group  of  particles  is  at- 
tributod  to  N®*  ( D„n)  Ha~‘ls,o  The  position  of  neutrons 

from  carbon  contamination  ie  indicated  as  is  the  position 
of  the  group  from  He  U)0n)  Ka  0 calculated  from  the 
Q-valu®  of  >'5o22  Mevc  It  ie  evident  that  the  observed 
position  is  in  disagreement  with  the  calculated  onto  In 
the  forward  direct  ion  0 two  groups  of  neutrons  are  assigned 

m /*T\  =»*  «» 

to  QA<rfrpn)  3^9  ©ne  baling  assumed  t©  have  originated  on 
t he  high  energy  side  of  the  fell  of  the  gas  target  ahambaro 
Tbs  geometry  wa 3 so  arranged  that  such  neutrons  would  not 
be  recorded  In  the  platen  at  9G&0  The  ©baerved  Q~vaius  is 
“Go  17  v OoOf  Mev0  Oo59  M*«v  smaller  than  that  calculated  in 
aquation  C 5 ) o 
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A p-ssst’.bM  for  tUa  discrepancy  would  fee 

3* 

that  this  pofi&trnKia  t:?  fcV*‘  ar-s  fallowed  by  atewt  390  Kav 
S’f  gasima  ag?  cneorgyo  Howaver,,  Iwg  rto  xsr  H«r  1 is  3<>69 

phasing  the  spectrum  in  She  category  of  this  super  allowed 

WHS  ffi  ^WV^afc  rV-r*  4*'W«  Tn  **-£  rfi4%»  t?u^««Tl-a  V*  a mu*  ,hk**  .3  4b» 

- «»  — ^ *V  ^ ^ j.  '■<>  n«fl4AU  L/<B  WkJU  tk  U* 

QT) 

©oour  between  tbs  ground  n totes  of  l^a  and  He'  Ag  a©  no 
gansoa  radiation  should  ba  prssento  A private  oosaoveiioatioa 
frora  Jo  Ro  Richardson  and  associates  at  IK3IA  has  boss  re- 
ceived to  the  effect  that  mo  gamma  rays  from  Na^  have  been 
detested  in  a scintillation  spectrometer o Only  annihilation 
radiation  was  present  o 

fhe  foil  thickness  and  target  thickness  were  calculated 
several  times  independently  by  several  different  member©  off 
the  Bartel  Staff©  $he  bombarding  energy  was  1<,55  Mevg  the 


foil  thickness  was 


F$vg  and  the  target  thickness  was 


100  Kev0  giving  an  average  effective  deutarcis  energy  of 

1©35  «•  0o3©  “ 0o05  R 1«0  Me  Vo 
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Ib  a magaeuio  «pa>otr>j&3f»ph  % the  energies?  tf  th«i 

*4*4 

gamma  rays  ©nritfcod  by  S5s»*  •"  hnv©  bean  ra®a«vss©f1  at  ©07$  M&\;> 
(93  par  ®ant)0  ^<*25  Mil  par  see®),,  »»d  So3S?  M*v 
’?  par  ©aistJo  Appi°c*lia»*wv*y  i par  oent  ef  th-a  beta  say 
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J isi n t ® gr a t i Cl. is  of  2r:  “ i**.7e  besm  shown  t m t ?miinat®  at 
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ml  fcfc©  residual  iau@x*usv 


The  en-orgy  the  iaemri  ? tranmit££& 

*i'\ 


has  been  maaawad  a»  0o%l§  M *’  am  Qofi  Me^-'o  Ths* 
radiation  is  totally  ®8nvartt4«  The  energy  j.f  the  st*» 

' f39j. 

•Jatively  hard  aluaiant  gumma  ray  3a  2s?'"  has  silts©  ba#K 

A 3 

ensured  as  0o?J8  aer'o 


Speotrcmast  nis  m^ouroineiifes  hriv«  yi&ldad  ittanfwn 


A' 


energies  of  ©a?  5 H*v~%  ©<»7§8  Mssr  and  So? 


,7] 


roi? 


‘Jh-3  single  gamon  (ray  of  Fb  ,,  tht  ay  daughter  aS»n»n?o 

Tba  energy  of  t:cis  garraei  isay  urns  »i»@  E&aausod  as  Oc92  I/;v 

} 

by  the  method  ©.?  5€-i ns i dense  absorption  c Its  these 
Xmttar  maasurwR  i2?ts0  the  fararaa  ray  Bbi»fc  stpp  mr*<S  tc* 


I»ve  «n  energy  C*o9« 
«.  Kfi  niobium 


Ms  ^r  Fa5.fi-  f.’4»UEal  Xa  the 

Ifewv-'^sr : the  bofc*  ~£®naa 


sirt«>ai-.-m 

©;iir.i-.idv«s?ia? 


rat©  ©£  2s?*'**’  tt&a  sush  ks  to  suggest  that  an  the  average s 

as 

eeeh  beta  of  Zr  is  S,'clXo»®3  by  Isss  than  0©5  Mev  of 

gamma -ray  energy  o Wh$n  « ear®  fully  purified  sour  a©  of 


V4  4*  1ft  id  A 
« — 


xi  mvnfi 

«,  *jr*  - 


•ho  ins  id  0 n-s  0 t;  siiffis  i^nti  ily 


largo  to  aaaoxmt  for  t!»  presence  of  tho  hard  gamma  ray 
thought  to  be  of  energy  Q09S  AI«vB  it  was  concluded  that 
the  presence  of  this  gamma  ray  in  the  &irconiura  fraction 
arose  from  an  inoonplet*  chemical  separation  and  that  it 
is  actually  only  associated  with  the  daughter  element 0 
Because  of  the  various  conflicting  reports  concerning  the 

OR  QK 

gamine  radiations^  the  properties  of  Zr  - Nb  have  been 
reinvestigated  o 


Procedure  and  Results 

95  95 

A source  of  Zr  - Nb  was  produced  in  the  fission 

process  al  the  Oak  Ridge  pile  <»  Pure  separated  sources  of 
or  95 

Zr  and  lib  were  prepared  repeatedly  by  Steinberg's 
oxalate  procedure^ ^ o The  gamma  r©ya  of  Nb^?  Zar^9  and 
Zr  ^ - Nb‘  wore  absorbed  in  lead  as  shown  in  Figure  1« 
Frca  the  slopes  of  the  curves  it  is  evident  that  the 
gamma  ray e emitted  by  the  three  different  radioactive 
sources  are  essentially  the  same  in  energy o No  evidence 
appears  on  any  of  the  absorption  curves  to  suggest  ths 
presence  of  any  gasses  roya  of  lower  energy  and  comparable 
intensity , Repeated  ©hemical  separations  always  gave 
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Fig . 1 Absorption  In  load  of  Ho 

gamma  rays  of  Nb9/  Zr^» 
and  Zr95  - Nb95. 


Fig.  2 Pulse  height  distribution  of 
gamma  rays  from  Zr9^  and 
Nb9*  on  Nal  - T1  . 


Fig.  3 Beta-gamma  coincidence 
rate  of  Nb9^,  Zr9**  and 
Zf95  _ jslb9^  as  a function 
of  aluminum  absorber 
thickness  before  the  bets  rsy 


Fig . 4 Disintegration  Scheme  for 
Zr9^  and  Nb9^. 
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absorption  curves  P.taiOor  %%■  tbf'm®  of  Figure  lo 
quantum  «:»rgy  tak?m  fross  the  slope  e?f  tha  aam 
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photoelectric  lines  of 
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th«  gamma  ray*  of  freshly  separated 


ee  iff*  #v  a* 

Zr3’3’1  and  Fb3'3’  war*  observed  in  a crystal.  of  Fal  * Tlo  The 


pulse  height  distributions  are  shown  in  Figure  2„  where 

95 

it  is  olssr  that  the  gamma  ray  of  Nb  is  somewhat  more 

energetic  than  that  of  3r^o  Calibration  of  the  apeotr©- 

meter  with  the  gamma  rays  fro*  Au^®,  N»^"%  Cs^*^8  Sc^8 
60 

and  Co  yielded  quantum  energies  of  Q«>73  * 0o02  Wev 
and  0©7^  ^ CoC2« 

95  95 

The  be  ta= gamma  coincidence  rates  of  Nb  8 Z-r  B and 

Qis 

Zr  - Kb  „ es  a function  of  aluminum  absorber  thickness 
before  the  beta -ray  counter 9 are  shown  in  Figure  5°  It 
is  evident  that  the  average  value  of  the  coincidence  sat*: 
is  approximately  the  earns  in  the  three  ^.cecp  confirming 
that  most  of  the  beta  rays  ef  Zr •*  are  followed,,  on  the 
averages  by  approximately  the  same  amount  of  gamma »ray 
energy  (0o71  Slav)  as  ere  the  beta  rays  of  hb^o  The 


beta -ga earn  o© incidence  counting  arrangement  was  call- 

A t£ 

bmted-by  the  beta-gasuje  coins idenoe  rate  of  Sc  0 In 


a separate  g^up  of  oor.riaidenoe  measurements  at  certain 
selected  thlnksiesses  of’  absorbers  before  the  beta-ray 


2-3tf> 


eountor*  tin*  o.f  ^sm a ray  er.oxsy  pe?  beta  i«y 

cjf  Table-  J abtt*lr.?iic ' 


Tab  I*  I - Average  @&AV:.n«rfty  eriornf’  per  beta  ray 
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tannin*  ta.s  at  th*  90“b?»  Anvai  ®f  Kb  ■'  l 

arMtal  of  th*  Xuat  >fi^l  nuslaat*  of  Zar*'  ia  iaricsn  to  be 
L©,g  for  th*  Burs  abundant  beta  of 

i#  6 <,52*  permitting  th**  interpssifltieaa  that  ths 
spietrja  «*y  b*  cm£«  fnxblidan-  ( A J ■*  0*  * Aa  yis^ ) tsfc 
A «fsrbldd*i«  CAi  * ip  s^A#5*  t’K  Avoiding  to  tha 
forj&cr  ©lassli Ie*a t£®si0  th.fe  i at  W®'*' 


is  th®  raaiiiaA  Jiuolaatij  bo- 


aid  !:*?•’#  th?  orbital 


f 5/f°  f5A  64  ’ fV*° 


it  either  of  fcfc*  firtfc  twe 
isluftffp  » raXativaly  irtar*£*  gnam*  xay  «*f 

3><S, 

a .9034  ba  e-sptotad  to  appaar  sa;«j?,  ths>  rediaiiona  of  Sr*  * t. 
emitted  if-,  tia  tr&natts©!!  b-etwoeE.  the  7^avaX  Ho’fS  ♦ WoS?2 


Ki’i'r  and  tl&s  On?l  MfcT  n» tst & vStb it*  J-csyo. *.  ~‘X  tr-^  *?Q--S3?'c 


l&m  Pigiatw  4)®  Only  to  ths  csr.s©  e£  ^ nj^ 

ilo«s  the'  probability  *Jt  fc  transition  to  th© 

state  of  Hb* " @?:@eaA.  that  of  ft  transition  to  th@  ru--^a« 


stable  leva!  ^)'«  Sinee  »o  gamma  radiation 

at  9o5  Mev  is  observer],,  the  moat  like  ^7  of  the  thpsft 


orbitals  associated  with  the  assumption  of  a onee  fas**-* 

bidden  transition  is 

If  an  JL  ^forbidden  bo ta  transition  is  assumed,,  tiis 


orbital  assignment  of  the  9oT5  * 0o91  Mev  level  is 
uniquely  g^/fe0  2h#  ‘fcran8i'ti0ia  Sj/g  — > i®()  of 

course & far  more  probable  than  > Pj/g°  Sines  the 

^7/2  ®kell  <32’°®®s  at  23  Kuol«@ns0  the  S-j^  sub°ahel.i0 
closing  at  33  nucleons „ is  favored  <> 

Prom  shell  model  considerations  and  the  conversion 

coefficients  of  the  QoUS  <■  0o©2  Mev  gamma  ray  of  NV^„ 

is; 


it  has  been  previously  shown  that  the  de@ay  of  Sb 


.95 


M©  v can  be  ©hareot^riied  by  g^g  ~~j> 


P-sotnotea 

# 3Jhe  present  ©©incidents  rates  and  r.sscsiclud  earas*.^ 
ray  energise  are  in  oontradietlon  with  the  previous 
report  Preference  a)  that  the  beta  rays  of  Zs^  mm 
©oinoidsint  with  leas  than  9®3  Mev  <»3f  gamia»«stty  onergyo 
Tfr®  curlier  results  mint  fee  aaorifesid  to  the  prensnea 
of  unidentiflad  impurities  having  relatively  tor 


.Hg5^J9  =>  rm  t» mm  m pa  4 ****  4 A 'svarffe  f-  s?>.a  ^.-25  r» 

iyi3  vv^rscitijer^a  17  w&cv  u\fl  ■S.u.v^O 


When  s r&diesmajliag  is  gremi  fm  a parent  element 
of  oompserable  hslf^life*  it  m.u  b©  gh<m&  that  ix  a 

©hsai@aX  separation  is  «fi?fiet@d  at  a considerable  length 
©t  tim®  after  onset  of  growth,  the  diair, testation  ratoa 
are  in  thst  ratio  oi 


rP  *^p 


where  the  subscripts  P and  D refer  t©  parent  and  daughter 
and  the  X °s  are  the  deeay  constants e P«sr  th*  65 '"day 
Zar^  and  tbs  35'^day  Hlr^0  this  ratio  is  S!oX6  * Q»2o  Da 
the  present  investigation  the  ratio  of  the  ganmm «ray 
activities  wa«  observed  in  both  eointiilr. feion  counter® 
and  Geiger  counters  and  found  to  be  ^ 9olfl  ©onftaaing 
a good  separation  if  the  gamma  radiations  of  the  parent 
and  daughter  are  essentially  the  same? 
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Bering  the  pRS'-t  year  the  counter  group  has  dealt; 
primarily  with  the  problaiu  of  reducing  dead -times  in 
G-M  counters  and  with  irensi^rementa  of  the  spaaffi© 
primary  ionisation  oi  various  gases  fey  jCS^xe. ys»  In 
addition  to  the  main  investigation sB  a preliminary  study 
has  been  made  of  the  operation  of  counters  in  the 
neighborhood  of  the  CnigerHldue Her  threshold „ 

The  dead-time  investigations  have  lead  to  the  de- 
velopment of  simple  cutoff  circuit  which  limits  the 
spreading  of  the  die«t)iarge  in  a self -quenching  counter 
to  a smal * fraction  t if  the  wire  length p thereby  allowing 
the  counter  to  respond  to  an  ionising  ray  as  soon  &m 
Xo5  H seco  after  an  earlier  disohargOo  A duelled  des- 
cription of  this  circuit  end  the  various  tests  which 
have  been  performed  to  test  its  effect  on  G« M counter- 
behavior  is  attached  i;t>  the  report  in  the  form  of  a 
reprint*  A review  article  now  in  preparation  for  publi- 
cation In  Nucleonics  der.l*  with  the  general  problem  of 
6-fo  counter  dead -time'  *&fl  diecussts  the  relative  merits 
®f  the  various  methods*  which  have  been  devised  for  dead- 
time  redu@ti@a<.i  Am  appeal  us  for  measuring  the  relative 
efficiency  of  a a ©uni  ssr  at  short  times  after  a discharge* 
lias  been  devised 9 anf.  will  be  described  in  this  paper e 
together  Vfith  uciee  of  the  ice  suits  it  to©  yielded  @p 
counters  with  and  without  the  cutoff  circuit  stts eSseds 
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obtain  information  for  use  in 


the  Assign  i«£ 
technique  j£cs- 


2,©w  pro  asv.ro  6-M  o©untera„  a refined 
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cl  gases  h»s;  been  dsvalopet.o  3!he  method  consists  in 
measuring  the  probability  '.hat  a low  pressure  ©ousat-ea: 
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charged  by  a /3 ""ray  having  a known  energy  (variable 
between  C302  and  106  Mw)  and  a well-defined  path-length 
in  the  counter  <>  She  discharge  probability  together  with 
the  pash-length  and  gas  pressure  comprise  information 
sufficient  for  the  da termination  of  the  specific*  primary 
Ionisation  of  the  geu  oontnined  in  the  counter 0 

Although  the  method  of  measurement  is  not  new0  aer- 
tnin  improvements  in  apparatus  design  - notably  a re- 
duction of  the  upper  and  lower  limits  of  the  path-length  - 
provide  the  conditions  neonsaary  for  more  accurate 
specific  primary  ionisation  measurements  than  have 
heretofore  been  aooowapltshsd  in  the  energy  range  concerned 
Successful  measurements  on  H^0  Hee  and  A — des- 
©ribed  in.  detail  in  a paper  which  follows  -«  have  been 
completed 9 and  preparations'.  are  now  being  made  to  extend 
the  investigation  to  the  organic  vapors  used  in  self- 
vmn@hi.TiF  counters 0 


A < 1 


Sipesi-fls#  licist&iry  '.a  of  11**0 !!>*# t lf?%  as?-?.  4 

li.y  High  Ell ■&%¥  UXaatrOfcS 


Mono  ^marg^ti©  «ls&-toc\»ns  magnet inally  separata! 
from  the  continuous  spec  tram  of  & radioactive  /S'-ray 
source  ars  direct ad  through  a series  of  5 G~M  counter 3 
separated  by  thin  AX  T/inflars/So  A measurement  of  the 
efficiency  of  the  first  counter  by  the  soincidenes 
ms t hod.  yields  information  /'rom  which  the  specific  pri= 
nary  lord  ir.t  i&n  of  it  a contained  gas  is  ©alculetedo 

Measurement s on  H^Ha,  Nec. and  A aver  th®  range  of 
incident  electron  ens’glos  0o2  to  lo6  Me-v  havta  been  made 
end  the  c-ata  compared  with  the  Bethe  theory  of  primary 
ionisatiesu.  By  adjustment  of  two  constants  contained  in 
the  theoretical  formula  it  is  possible  to  fit  the  data 
fur  each  of  the  four  gases  within  the  experimental  errors 0 
The  adjusted  formulae  appear  tc  predict  accurate  values 
of  the  specific  primvry  iouisation  over  a rang#  of  energies 
ounside.ro  oiy  greater  than  <:hnt  investigated. 

Iatgodwrtl&m 

Meaeureinenta  of  the  Bpeeifi®  prisnary  Ionisation  of 

gases  by  charged  peursiojlec  hftva  been  aonduetod  by  a r.uaber 

1=7 ) 

ct  invent  listers1-  c©ns±der»bl&  range  of  incident 

p^rttcli  ° s^.s^gieso  There  'am* d is  mais  instareesp  bfiiits 
I;,rg«  die  srapaaoiea  bat-neeri  the  resu.lts  obtained  wit& 
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different  methods  of  ro3&:<r.'?£tiMmtd  ana  thn  experimental 
lyroifB  *»vn  thus  far  psroa^uded  a eritis&ii  quantitative 
comparison  botf/een  the  nsasurcments  and  the  predictions 
©f  the  ttaacey* 

In  view  «>£  the  malts*  applications  of  kna 'ledge  con- 
cerning the  ionisation  of  gases  in  various  fields  of 
experimental  physios  it  ms  considered  worthwhile  to 
conduct  a nan  set  of  precise  measurements  on  several 
gases  in  tno  neighborhood  of  minimum  ionisation  using 
(3  -partial* a from  a radioactive  source  as  the  primary 
ionising  radiation*  The  measurements  reported  herein 
extend  over  a sufficient  range  of  energies  to  make  possible 
a determination  of  the  parameters  which  enter  into  the 
Bethe  theory  of  primary  ionisation  and  indicate  the  degree 
to  which  the  theory  sm&v  be  relied  upon  ate  a tool  for  ex- 
trapolating experimental  dat»o 

Experiment  a 1 Pro©® dura » 

omeAm  oz  »■*--  iu  »n  w«  ■ .<ee— e« 

Thfr  experimental  procedure  consists  nf  measuring 
the  probability  that  » 0*45  counter  filled,  with  the  gags 
under  inve  will  be  discharged  hr  a /3  bavin* 

^ v‘  I ' v — 

a known  energy  and  a well-u < fined  path-length  in  th<* 
counter©  Tbs;  relation  tet  tween  counting  -efficiency  , &, 
and  the  avenge  number  j«  ■ Inary  ion  ;=pa!vTS„  S0  produced 
by  a /3  -ray  in  traversing  tue  ooiiiiter 

^ -X 

« 1 =>  m Cl) 
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where  X i/j  th^  path^ioagth,  p the  gas  pr?<st;ur$  An  »t<* 
sr»aphsr«s  ami  T the  tem}>«rfr  tore  in  degrees  Kc. 

The  '/a  1:1  dity  of  aquation  Cl)  rests  \Apc®  th?«  follow = 
ing  aasiwotiinas  1)  that  trie  primary  i ©:a  pairs  are 
statistically  distributed  .la  location  along  the  path  of 
an  electron  nccording  to  the  Poisson  lawp  2)  that  ths 
counter  is  curtain  to  ba  discharged  by  any  slectron  which 
produces  one  or  more  ion  poire  in  the  gaa„  3)  that  the 
probability  of  on  electron  being  knocked  out  of  the  wall 
by  an  incident  ray  if  miglr gible  in  comparison  with  the 
probability  at  production  of  a primary  ion  in  the  ga«o 
Assumptions  X)  and  2)  appear  to  be  well-founded  on 
theoretical  grounds*,  ©nd.  3 s has  been  checked  by  examining 
the  variation  of  £ with  pressure  as  will  >>s  discussed;  below „ 
The  experimental  arrangement  as  shcvru  in  Figure  X 

consists  issontia’lly  ©f  a 180®  /@~ray  spectrograph 

^>c} 

(ovaeuats-i  10  be  Hg)  md  a set  of  G -H  counter© 

0-^  Og  and  <3*  ^ A rad&eawtt?*  o®riua  ecur&s  ut  S giv§©  rise 
t'-i-  a cont lusu'iua  spectrum  o t (3  »«yB  ranging  in  •■mergy  from 
*»r©  t©  3 llavo  Tht  reriss  of  taffies  B select#  froas  thn 
continuous  apectirum  t smuo^energetio  beaa  ©S  ~raya  which 
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Appartus  for  determination  of  the  specific  primary  ionization  of 
gases  by  @ -rays  in  the  energy  range  0.2  to  1.6  Mev. 
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PRESSURE -mm  Ha 


Variation  of  the  quantity  (l-£)  as  a function  of  the  pressure  of  H 
contained  in  counter  Ci . (.855  Mev.  0-rays) 
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3 cnneoted  to  a flip  «;»!;!,  ?9 

Th*  .3  =ra.v  energy  rang®  which  can  be  covered  with  this 
apparatus  is  limited  t3  about  200  lev  at  the  lew  and-  arsi 
to  lo6  Mev  at  the  high  endo  The  lower  limit  ie  deter- 
mined by  the  total  thickness  of  the  three  aluminum 
counter  windows,  and  the  upper  limit  by  the  msimun  mag 
netio  field  attainable 0 The  momentum  resolution  of  the 
spectrograph  ie  appro* irately  + 5 per  sent = 

Corrections  for  energy  Ices  of  the  /3  -rays  in  the 
cQOl"  A JL  window  W,  were  ms de  on  th#  basic  of  the  range 
vo  energy  curves  for  electrons  In  iio  Pcs*  the  lowest 
energy  /3  -rays  consicterod  in  tfc*  present  investigation 
this  correction  amounts  to  approximately  ! f per  sent  while 
for  the  highest  energy  ray?  the  (correction  is  approximately 
on*  per  aont<. 


Th®  counter  C,  is  fill-id  with  ft  gas  ut  siXTur?  of 

A 

get  sea  whoi-.'S  jirimary  ionisation  is  to  be  measured*  Thm 
gas  pressure  is  chosen  no  t-sit  the  /3  =‘fa;f«  in  the  spec- 
trograph wnargy  range  are  § sunted  with  an  efficiency  of 
about  QoS  = a condition  which  results  in  the  least  re  = 
tuired  operating  time  for  determining  t in  pri mary 
ioniaatioR  tc  a given  statist! sal  acoura-sjo  C&unt®^5 


0 and  -.1^,  v :s:‘  h tA:a  .‘."Ailed  ith  ?n  sul'if-trAtmshl'ug 
argei  ■-'but  an  * aikture  9 a «jrve  to  count  the?  -.ftumber  of 

/«)  »roy  bxxvssTsals  ai  ;; iV  iU laic  U- o 

•The  jou  stars  ars  crane  ateil  to  an  artarnaX  sirauii 
which  simalfcareously  records  the  number  of  3=fcld 
coincidences  {C,  C«  C s ' and  th&  number  of  £-fold 

^s* 

coincidences  ( Cg  Cj}n  The  effioiency  of  C-,  for  count- 
ing the  f3  -rays  whioh  traverse  it  within  the  solid  angle 
of  windows  and  W«  is  given  by 
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where  the  quantities  srith  c"  subscripts  represent  the 
background  cainoidense  rat  a recorded  witn  the  magnetic 
field  of  the  spectrograph  .'reduced  to  *er*;=  Tht  back- 
ground rat  no  wers  1*3  a iha.?  10  per  asset  of  the  <^=ray 
counting  rates  for  all  cf  he  oeasuremonl-s  reported  her*® 
It  tree  necessary  to  overate  the  ocur.ter  C,  ms  a 
resistance -quenched  csvnte:*  with  all  of  the  gates  used  in 
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quenching  resistance  S 13**'  oho*;  required  in  m me  in- 
stances. a pre^sautiori  u&a  • aoesaary  to  Ineure  that  the 
attendant  d*<ad~t£oe  »f  the  ©cuiter  did  ii*rt  give  rifc*  t-t 
a loss  of  ruuu  ewina Ldunis©  !C,C^0.)s  proaedur?* 

which  ms  finally  adopted  •■fte.r  the  isrUti  cSf  Severn*  1 


aiternati’ra  w >«# 

OK'Si^ooinoiefen / a :•  irev. It 
wire  of  £!■}  and  tbs  joi-ic 
tc-  prevent  1b  t.  r exordia*. 
*'  C , C„C„ } fihizh  occurred 

* * 3 


tili'st  ** sJJ.owing a.  A dj  *o  iioupled 
v/rn:  irrtroduned  between  th* 
ide«  m selection  a i vault*  99  as 
of  say  oaineideihu*  { C,,0* ) or 

at  ? tiine  when  the  wire  potential 


of  C,  was  more  than  5 vc  Its  below  its  norwal  \ quiescent) 
potential  o Ihis  icposoc'  th«  condition  tSjat  counter  Cs 


b«  completely  recovered  from  any  preceding  discharge 


before  a ooinoidenoe  ©on. id  la  recorded  r.  and  than  rendered 
the  exp»rimurrfcally~detaroin.>d  efficiencies  independent  of 
the  dead-tirae  of  C, 0 

o*. 

The  background  ra;as  u ed  in  equation  (3)  to  evaluate 
the  efficiencies  wire  uorre  -ted  to  oompen?*ate  for  the  in- 
active time  of  the  record in;  circuits  introduced  by  the 
action  of  the  anti  coincide  se  airouit  during  the  /$  =ray 
data  runs  a 


As  a t«»t  of  the  ever  ell  reliability  of  the  experi- 
mental proasaurb ,;  a curve  o : efficiency  vs  pressure  was 


taken  on  the  counter  C . irit5  hydrogen  as  the  filling  gas^ 

cfL 

Figure  2 ±&  § seal -log?.? it h io  plot  of  the  measured  values 
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is  seen  that  the  experimental  paint*  lie  alsng  a straight 

line  whish  cixtrapslatef;  to  ; 1 »£)  ■ -9  ris  p » ?;  as 

sspeoted  fresa  equation » Cl)  ana  ;2)o  If  there  were  ary 

significant  santributi^n  te  the  counting  rat®  of  C«.  first* 

«**> 

staomiarie  j kneokad  out  of  a he  windows  W,  or  W«-  @b=& 

r.v  ' <g  ■• 
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X 4aj£v,>  pr'.dfotort  by  tU?*  i;  bui  -=hnl 

i ; would  w ••iraUS  ■*  /■,  i?m?i  'this;  m.ily  al 

i>  *-  So  Thy  -TSjftBTiduiMS&l  s I'Tora  diii  wail  iff oa  ,• 

3 msidsriid  i •'  t>s  lea*  than  the  statistical  frrrorj,  fv..s 
all  of  the  primary  i miction  measurement  reported  hear*  a 
The  hnihtnasses  of  tk«  walla  nf  s-^antar  art 
sufficient  to  prevent  th©  passage  of  jS*  -rays  either  Into 
or  out  of  the  counter  except  through  the  1 mil  aX- 
win dows  ?h  and  Thus0  for  a /I]  -ray  to  cause  a 

coincidence  (C^  C^}  it  is  necessary  that  the  ray  travel 

«*  tV 

C,  within  the  solid  angle  -f  windows  W,  and  W»0  Th?  3$ 

<»  4L 

windows  a:  a Q-?25€'"  in  diameter  and  the  piano  surfaces 
on  which  they  ar?  mounted  t re  separated  by  a distant#  9 
m o688h  Thera  are  tw©  effects  which  cause  tho  m«;r* 


© 

p«ith“i«ngth  of  rays  troveming  C.  to  depart  slightly  f??&m 

<4; 

the  length  Xr.*  The  first  is  scattering  of  the  bsam  in 

Q> 

the  entrance  window  VL«  Fnr  /G-rays  cf  the  energy  range 
a inaidersd  hars9  the  msan  iiiatterir.g  angl®  in  W,  i& 
8’rffioiantly  large  that  ea:*h  point  of  window  may  b> 
considered  as  an  iactrspl#  sours*  ttf  r*’y?  in  s.  fsiculs  visa 
of  tha  mean  path= length  JL  , of  rays  traveling  b«two*n  two 
windows 0 Such  a calculation  yields  thf  result 
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The  nassnd  ? ffect  arises  frs m a slight,  appr 


sxiteXy  spherical  distortion  ef  window  t.%  which  .i/eauita-.i 
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from  uuintentic-naily  Noting  th*>  window  ’S^  t©  a ona  »t ' 

«L 

mosphera  pressure  differential?  This  distortion  has  th«i 
effect  of  reducing  ths  average  path-length  to  a valu* 
approximately  Go  5 per  cent  lass  than  that  indicated  above 
for  the  case  of  e plane  window  surface?  Consideration  of 
the  combined  effects  of  3v**t  wo^.  Ajug  auu  rtinu ^ ^ 


indicates  that  the  mean  path-length  differs  from  the  value 
XQ  toy  less  than  0o8  per  cents  Sin®©  the  error  introduced 
into  the  final  result  by  setting  * j?  is  of  the  earns 

v 

oader  of  magnitude  as  the  statistical  errorsc  $ in 
equation  (2)  has  been  aet  equal  to  0 „ tax  ail  of  the 
spscifie  primary  ionisation  calculations ? 

The  pressures  of  gases  introduced  into  the  Counter  C, 

A 

were  measured  with  a mercury  manometer  constructed  of  glass 
tubing  of  sufficiently  large  diameter  (Q?5  in<>)  to  eli- 
minate errors  arising  from  unequal  meniscus  shapes  in  thi 
t*ie  saltans  of  the  manometer 0 Ati  anti -parallax  method  wa# 
used  in  comparing  the  heights  of  the  mercury  columns  with 
a fixed  scale,,  graduated  in  mmo  Errors  in  the  measured 
speaifi©  primary  ionization  values  caused  by  inaccuracies 
in  pressure  readings  were  less  than  or  equal  to  ths  statis= 
tical  errors  in  all  of  the  measurements? 

Spectroseopiaaily  pur*  gases  supplied  by  the  Linde 
Air  Products  Company  were  used  through  the  investigation* 
Counter  C,  exhibited  a good  efficiency  vy  voltage  plateau 
(elope  < 1%  per  100  volts)  with  fillings  of  pure  H„  but 

it 
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did  not  perforin  satisfactorily  with  fillings  of  pure 
He,  Ne„  or  A a The  addition  of  small  amounts  of  Kg  to 
the  latter  gases  was  found  to  yield  efficiency  vs* 
voltage  plateaux  as  good  as  that  obtained  with  pure  Hgo 

Consequently  the  addition  of  Eg  adopted  as  the  most 
practical  procedure  for  overcoming  the  difficulties  en- 
countered with  the  pure  gases 0 The  specific  primary 
ionisation  values  obtained  for  He,  He  ana  A with  hydrogen 
added  were  corrected  by  using  the  primax*y  ionisation  values 
for  pure  Hgo  ’These  corrections  amounted  to  10 %t  16#  and  5# 
for  the  three  gases,  respectively  a 

Experimental  results. 

The  results  of  the  specific  primary  ionisation  measure- 
ments on  Hg,  Ho,  Ne  and  A are  presented  in  Table  I*  The 
experimental  errors  indicated  in  the  Table  are  the  statis- 
tical standard  deviations  which  in  all  cases  are  comparable 
percentagewise  with  the  independent  uncertainties  associated 
with  the  pressure  and  path- length  determinations*  The  rela- 
tive magnitude  of  the  specific  primary  ionisation  values  ob- 
tains d for  any  individual  gas  are  oonslucx od  to  be  accurals 
within  the  statistical  errors o Uncertainties  in  the  ab- 
solute values  are  conservatively  estimated  at  + 3 per  cento 
Repeat  runs  on  Hg9  He  and  Ac  after  removing  the  original 
gas  filling  and  introducing  new  filling  of  the  same 
pressures  indicated  that  the  measurements  were  reproducible 
within  the  statistical  errors o 
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Table  lo  Measured  values  of  the  specific  primary 

ion! rat ion  of  HgP  Het  Ne  and  A for  various 
0 -ray  energies© 


Specific  Prirary  Ioniration-ions/cti  at  N©ToP 


Energy 
(Kevo ) 

i 

Jt 

Mo 

n2 

Ha 

! 

Ne 

A 

0o205 

0©98 
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12c4  + ©13 

27©8  + ©31 

Comparison  of  the  Experimental  Results  with  the  Theory 


The  theory  of  primary  ionization  has  been  treated  both 
classically  and  quantisa^meehsnieally  in  various  degrees  of 

approximation  by  a number  of  authors . The  most  reoent  and 

8 ) 

comprehensive  treatment  of  the  subject  — given  by  Beth® 

-«  yields  the  following  formula  for  the  variation  of 
specific  primary  ionization  with  the  velocity  of  the  incident 
particle: 


S * 2TTrJ 2 mz?  N< 
o 


2 Za  i 
5 Io 


n a2 

I (1. 


+ b ~/$ 


(4) 
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when 

S * number  of  primary  ions  per  om  of  path 
2 

8 

t * ( classical  electron  radius) 

o 03* 

m * electron  rest  mass 
© **  velocity  cf  light 
N * number  of  atoms  per  oc  at  N»T.P. 
s * incident  partiole  charge 
Z * atomic  number  of  gas 

IQ  * ionisation  potential  of  the  gas 

ft  * incident  partiole  velocity  / o. 

b * constants  dependant  upon  the  electronic  structure  of 
the  gas 

I 

For  the  particular  case  of  atomic  hydrogen 
{1  « 13 c 5 evaj  s “ 1)  Bathe  has  calculated  the  values  of  the 

constants  in  this  equation  to  be:  a K Go285c  b * 3o04o  For 

gases  other  than  atomic  hydrogenc  the  calculation  of  the  con= 
stants  cannot  ba  readily  accomplished  without  introducing 
rather  rough  approximations  regarding  the  fora  of  the  wave 
flatten  a of  tbs  baiffid  alastron®  o 

In  the  derivation  of  aquation  ( 4 ) the  assumption  is 
made  that  the  incident  particle  is  undeviated  by  individual 
collision  with  the  atoms  of  the  gas0  This  approximation 
leads  to  rather  large  errors  at  low  energies P but  should 
not  seriously  effect  the  validity  of  the  formula  at  electron 
energies  than  & Tq*i  kvo 
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T he  form  of  -quation  (4J  indicates  that  for  a given 
gass  S depends  only  upon  the  velocity  v and  the  charge  x 

of  the  incident  ionising  particle a By  making  the  substitution 


and  lumping  the  constant  coefficients  in  equation  (4)  one 
obtains  the  expression: 


where  p is  the  incident  particle  momentum  and  m the  incident 
particle  rest  mass 0 In  terms  of  the  aonatsnts  of  equation  (4) 


*3  nrv 

« ? 


j 


4$ 


Za 


C * A 


no 

Jo 


2»30 


In  order  to  compare  the  theory  with  the  experimental 
results;  the  constants  A and  C have  been  empirically  deter- 
mined for  each  of  the  ga&ca  investigated  ao  that  equation  (6) 
yieldo  the  best  agreement  with  the  experimental  results c-  The 
values  of  A and  C determined  by  least  squares  fits  are  given 
in  Table  II  and  the  plots  of  equation  (6)  evaluated  with  the 
tabulated  constants  are  shown  in  Figures  3P  4C  5 and  6c 
(solid  curves  K The  dashed  curves  also  shown  in  the  figures 
indicate  the  extreme a of  a family  of  theoretical  ourves  which 
fit  a 1?.  of  the  experimental  values  determined  in  the  present 
investigation  within  one  statistical  standard  deviation > 

The  amounts  by  which  the  constants  A and  C corresponding  to 
the  two  extrema  curves  deviate  from  the  least  squares  values 
ar»  indicated  in  Cable  II  by  the  increments  to  the  right  of 
the  + and  ^ signs o One  of  tha  extreme  seta  of  parameters  is 
obtains  1 by  talcing  the  upper  signs  end  the  other  by  talcing 
the  lower  signs » 

Table  II  Values  of  the  parameter  A and  C calculated  by 
fitting  Eqo  6 to  ths  experimental  data0  The 
limits  indicate  the  range  of  variation  of  the 


parameters  consistent  with  ths  statistical  errors 
in  the  experimental  results--. 
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“omposite  plot  of  the  present  hydrogen  data  together  with  the 

1 ) 3) 

results  of  Williams  and  Terroux  , Tate  and  Smith  , Danforth  and 
Ramsey^,  and  Cosyns^'^  . Curves  and  - - - are  theoretical 
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Composite  pior  of  the  present  helium  data  together  with  t!>e  results  of 


EiSQUBS.!  o.o 

a ) Hydrogen  - The  l^ast  squares  fit  of  the  Beth*  fonnu‘ia 
{ bo  lid  ourve  i'Ag  • '$}  to  the  hydrogen  an  ;;a  obtained  in  i ha 
present  investigation  merges  smoothly  with  the  experimental 

o \ 

u ta  of  Tate  and  SmiSh*'  at  p/iao  * QoOSi  i electron  energy  cf 
7i>0  volts)  but  diverges  gradually  at  lower  energies  toward 
primary  ionization  valties  in  excess  of  the  Tate  and  Smith 

£j  i 

values .s  The  experimental  points  of  Cosyns  and  of  Eanforth 
and  Haraaey^'  for  cosmic -ray  mesons  (average  valu*  of 

3L.  CTi 19 ) agree  with  the  solid  curve  within  the  experimental 

ms 

*■  \ 

errors ? The  clcud  chamber  data  of  Williams  and  Terroux'"' 
spatter  3 ana  what  broadly  above  and  beitw  the  curve  indicating 
tht  presence  of  rather  large  experiments!  uncertainties, 
however  the  over - ail  agreement  with  the  present  results  if; 
quite  satisfactory, 

Hereford ' ‘ has  .=  ortueted  an  extensive  iorr«pressurb 
acunter  atudy  o i tht  primary  icnixatibi,  A H.  ty  Q ^rays  uad 
ocsmis-x«y  cusorje  The  so  results  (not  p jetted  in  Figc  v>} 
although  consists nt  with  the  other  work  as  regards  th^ 
ionisation  of  cosmic  ray  a show  considerable  diwursspaiir-  o.s 
with  the  present  work  in  the  (3  -ray  encr.gy  :nngtt5  A st<vi*3 
of  values  obtain  r5  by  Hereford  for  (3  -lays  of  n~a>:  ur  tnr  aim 
ionization  are  a c o at  16  per  cent  lower  than  the  present  data 
in  ths  seme  ran;; ; ^ Asida  fjrno  the  possibility  that  rmi.. 


coincidences  were  .lost  by  axcas3ive  dead=tirce  of  the  Hg 
counters  used  in  Hereford’s  apparatus ? no  explanation  for 
the  disagreement  is  apparent* 

b)  Helium: . In  the  ossa  of  helium*  there  is  ft  rather  large 

discrepancy  between  the  solid  curve  and  the  low  energy  data 
o i 

of  Smith  o This  seems  rather  surprising  in  view  of  the 

relatively  high  accuracy  with  which  the  formula  Joins  the 

high  energy  data  with  the  low  energy  data  for  the  other 

5 ) 

fU3eso  The  cosmio=ray  point  obtained  by  Cosyns-  for 
helium  agrees  with  the  solid  curve  within  the  experimental 
errors  c 

The  gradual  relativistic  increase  in  primary  ionisation 
at  high  energies  predioted  by  the  Bethe  formula  is  oonfirmed 
in  both  Hg  and  He  by  the  oonsistenoy  of  the  cosnic=ray  data 
of  Cosyns  end  of  Danforth  and  Ramsey 5 with  the  theoretical 
extrapolation  of  the  /3  ray  data  , 

g)  Argon  and  Neon*  In  order  to  compare  Smith’s  results*^ 
for  argon  and  neon  with  the  present  measurement s 5 it  is 
necessary  to  observe  that  the  quantity  measured  by  Smith  is 
not  in  general  exactly  equivalent  to  specific)  primary 
ionisation o While  the  speoifio  primary  ionisation-,  Sp 
measured  in  the  present  experiment  is  defined  as  the  number  o 
ionising  collisions  per  unit  path -length  f the  ’’ionisation 
probability"*  P„  measured  by  Smith  may  be  defined  as  ths 
number  of  electrons  released  in  ionising  collisions  per  unit 
cf  path^lengtbo 
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Conclusion. 

Ins  comparison  made  between  the  existing  experimental 
results  and  the  i d justed  Bethe  formula  indicate  a rather 
comprehensive  agreement  over  an  extremely  large  energy  range o 
Although  it  is  unfortunate  that  not  all  of  the  factors  which 
enter  into  the  m s sbanifc ns  of  ionization  can  be  precisely 
calculated  from  first  principles,,  the  Bethe  formula  appears 
to  be  a reliable  tool  for  interpolating  between  measured 
values  of  specific  primary  ionization  at  energies  in  excess 
of  a few  kvc 

The  data  obtained  in  the  present  investigation  in 
addition  to  serving  as  a useful  guide  toward  further  devel» 
opaent  of  the  theory  of  ionizations,  should  be  of  value  both 
in  the  design  of  low  efficiency  C-K  counters  and  in  the 
analysis  of  aloud  chamber  photographs  containing  the  tracks 
of  fast  particle  1 -» 

Measurement i of  the  specific  primary  ionization  of 
several  other  aimole  gases  and  of  some  of  the  complex 
organic  vapors  utilised  in  G=M  counters  will  be  carried  out 
in  the  near  futurso 
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The  Spreading  of  the  Ttsoharge  in  Self ^Quenohing  Counters 
Qpsrated  Below  the  G-M  Threshold 


Introc  l it ion 

12  5) 

A number  of  investigations  k * of  the  absorption  of 
the  ph  itons  which  are  released  in  the  discharge  of  sslf^ 
quenching  G=y  counters  have  lead  to  the  conclusion  that  a 
very  l.rge  percentage  of  such  photons  have  absorption  mean 
free  p ths  of  thi  order  of  a few  millimeters  in  ordinary 
gas  ml:  tureso  Tie  same  conclusion  may  be  reached  in- 
direot^y  on  the  basis  of  the  fact  thBt  a small  glass  bead 
' fused  o the  eerier  wire  of  a counter  can  prevent  a dis= 
charge  which  is  initiated  on  one  side  of  the  bead  from 
spread  ng  beyond  the  bead.. 

L addition  to  the  short=range  photon  component  there 

i o ) 

has  be;  n observed  by  some  investigators"^  ' a relatively 
long-range  photi.u  group  capable  of  releasing  photo 
electrons  at  a distance  of  several  cm  from  their  point  of 
format:  on „ In  tho  course  cf  a recent  study  of  the  behavior 
of  G-K  counters  operated  m the  transition  region  between 
the  proportional  rind  Geiger  regions  additional  evidence  for 
the  ert  ation  of  photons  of  very  long  range  has  been  cb* 
tainad  While  some  of  tie  oroader  aspects  of  this  invocti= 
gation  have  not  yet  been  brought  to  a conclusion.,  it  seems 
worthwhile  to  describe  the  experimental  arrangement  and  t-p. 
presenJ  the  evidence  pertaining  to  the  presence  of  long- 
range  j hotens  in  a command cation  at  this  time* 
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A rvurft  't-n  * 
r 

The  apparatus  ( Figure  1)  consisted  of  a counter  with 
segmented  oathod  .s  1 cm  diameter c and  I oa  long  spaced 
approximately  0(>. . cm  apart o The  cylinders  were  made  of 
copper,  and  the  wire  was  0oQ03  inch  diameter  tungsten o A 
coincidence  circuity  also  shown  in  Figure  1,  was  connected 
to  segments  C and  K while  all  intermediate  segments  were 
connected  together^  and  attached  to  a variable  voltage 
source » Segments  A - B and  the  end-segments  were  maintained 
at  ground  potential  to  eliminate  inductive  coupling  between 
them  and  the  ooinciden»3e  se©tentsP  while  the  coincidence 
segments  were  held  at  -3  volts  by  the  grid  bias  batteries 
of  the  coincidence  input  tubes o 

The  experiment  was  devised  to  measure  the  probability 
that  a discharge  initiated  in  the  vioinity  of  segment  A 
would  spread  to  segment  X as  a function  of  the  voltage 
applied  to  the  intermediate  cathode  section  D through  Jo 
Discharges  were  initiated  in  the  upper  end  of  the  counter 
by  admitting  photons  through  a thin  window  in  the  vioinity 
of  segment  A0  Each  discharge  spread  do?/nward  to  segment  C 
causing  a count  to  be  2*eoorded  on  scaler  lo  If  one  or  more 
photo-u  ieotrons  were  released  in  segment  X (which  ?.as 
operated  well  above  the  G<=fci  threshold)  within  20  ^ sec- 
after  the  discharge  of  segment  C9  a two -fold  coinoiaenc's 
(C,  Kj  was  recorded  by  soalnr  2a  Thus,  the  ratio  of  the 
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Figure  1 - G-M  counter  and  coincidence  circui 
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number  of  counts  recorded  on  scaler  1 to  tliat  recorded  on 
scaler  2 was  equal  to  the  spreading  probability  which  wee 
to  be  determined  > The  standard  mixtures  used  in  this 
laoorator^  at  various  total  pressures  were  investigated  * 


Prallminar f Test c 


Since  a coincidence  oircuit  was  involved  in  these 
measurements P a t sst  for  ohance  coincidences  was  made©  The 
tima  duration^  i f the  output  coinriden: e -pulse  wa*  measured 
A record  cf  tht  individual  rates  of  segments  C and  K?  as 
well  as  the  coi  ns  idenoo  rateP  was  obtained  with  segments  D 
ti  trough  J,  wel;  t *low  the  Geiger  region,  Using  the  familiar 
expression  for  a 3id»in*i:al  ooincideneer.  F » 2N  R,  *~f  n it 
was  found  that  ti. s accidental  rate  5 wts  less  than  10  ^ 
t.tiuss  the  smaller  2 coinoidenoe  rate  recorded©  Because  of 
tire  smallnsss  of  jpntrlbution  of  accidental  coincidences  to 
tbs  observed  efftitsr  no  oorrsetions  for-  accidentals  were 
ros-la  o 


Obsei rations  of  the  variation  in  the  sise  of  output 
poises  fre n segmeits  C and  X as  a function  of  the  potential 
applied  tc  the  in  termed late  cathode  east  ion  indicated  that 


no  appreciable  fringing  effects  were  present  over  the  range 
of  voltage  uti? i< sd  in  the  experiments© 


Experiment al  Rt sv Its 

Typical  families  of  curves  for  argon-butane  and  argon- 
n Figures  2 and  5?  respectively  © The  centei 


nt her  are  shows 


S4  DISCHARGES  THAT  SPREAD  THRU  INTERMEDIATE  SEGMENTS 


Figure  2 - Probability  of  discharge  spread  in  Argon-Burane 
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wire  potentials  employed  in  obtaining  these  curves  ere 
indicated  by  the  absoissal  coordinates  cf  the  points  X, 

All  of  the  gas  mixtures  investigated  have  certain 
qualitative  features  in  common = With  sufficiently  high 
overvolte gesr  100  per  oent  of  the  discharges  spread  the 
full  length  of  the  Gonntero  As  the  potential  on  the  middle 
segments  ia  redv.cedf  the  spreading  probability  decreases-^ 
slowly  at  first,  and  then  quite  rapidly d With  still  lower 
voltages^  the  spread ii  g proba'  ility  tends  to  level  off 
again  over  a span  of  ct  least  30  to  40  volts o In  this 
rogionc.  tie  chance  of  a full-length  spread  depends  critically 
upon  the  composition  end  total  pressure  of  the  gas  ml.rturs e 
Kiwever:  it  seemj  to  be  established  that  with  fixed  pro- 
portions cf  argon  and  quenching  gasc,  the  spreading  pro- 
ixibility  In  the  lower  *plateeus  increases  as  the  total 
pressure  la  de creased 0 

An  ojoilloscope  coservation  of  the  tin  a -da  lay  <3  between 
the  diach  irges  cf  ss grants  C and  K disclosed  that  the  delays 
in  the  Icier  plateau  regions  were  less  than  10  seop 
whereas  tie  delays  in  the  upper  plateau  { cr  G-K  region)  were 
predoninasely  of  the  erder  of  several  microseconds  depend- 
ing upon  the  applied  voltage  and  the  gas  mixture  utilised c 

In  v:.ew  of  the  critical  voltage,  appendence  of  ga.i 
amplification  in  the  proportional  region^  it  appears  un~ 
likely  thtit  the  spreacing  in  the  loner  plateau  regions*  can 
arise  fro; i a chain  of  photon -initiated,  avalanches  along  the 
length  of  segments  D through  Jo  If  such  chains  existed,.  ws 
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ahuuiu  expect  u opxeud  JLng  probabilities  to  drop  off 
rapidly  below  the  lenses  of  the  curve , rather  than  to 
level  )ff,  oa  ob!;amdo  The  moat  plausible  explanation 
for  the  lavel=off  of  the  I'lrvea  at  low  voltage  seems  to  he 
that  a small  percentage  of  the  photon3  generated  in  the 
discharge  of  segments  Ar.  3 and  C penetrate  the  full  length 
of  the  gas  column  In  the  intervening  segments  D through  J 
and  release  photo-eleotrona  in  segment  K» 

As  the  spreading  of  the  discharge  along  the  length  of 
a G-tf  counter  is  propagated  by  photons,  the  uniformity  of 
the  spreading  must  depend  critically  upon  the  photon  range 
distribution 0 Thus,  it  would  be  expected  that  the  shapes 
of  the  current  pulses  ocourring  during  intervals  of  electron 
collection  should  display  jagged  discontinuities  differing 
from  pulse  to  pulse  when  long  range  photons  are  generated 
in  the  discharger 

Such  discontinuities  hava  been  observed  with  a number 
of  counters  tested  in  this  laboratory  and  seem  to  have  a 
reasonable  explanation  in  terms  of  the  presence  of  long” 
range  photons? 

in  b^h^vioi'  of  counters 
(in  particular,  the  production  of  multiple  pulses  in  large 
diamet-BT  counters  controlled  by  the  Porter  and  Ramsay  " 
cutoff  circuit)  xiy  al^o  be  related  to  the  generation  of 
leng-raoge  photons  in  the  dischargee 
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Do  PHOSPHORESCENCE  STUDIES 

The  Alpha  Psrtlol.e  Induced  Pho sphere s pence 
of  Silver  Activated  Sodium  Chloride 


Introduction 

In  sevar^ 1 earlier  communications,  the  writers  have 

dLsoussed  the  fluorescence  and  phosphorescence  of  NaCl  ®Ag 

12) 

irradiated  by  nuclear  particles  5 0 The  phosphorescent 

e’feots  hava  also  been  studied  qualitatively  by  Furst 

•* ) 4 ) 

aid  Kallman^  and  by  Bittmftes  Fursts  and  Kallmann  0 The 

Ught  emission  is  known  to  ocour  in  two  bands  centered  at 

2500  A ani  4000  Af  respectively  ,Jto  It  has  been  knowr.  for 

sore  time  that  these  two  bends  are  emitted  when  ultra* 

5 ) 

violet  light  is  employed  as  the  primary  excitant o A die® 

cv.ssion  of  previous  papers  on  ultraviolet  excitation  oi 

“0 

NuCl-Ag  may  te  found  ir  the  aforementioned  reference*  < 

In  the  present  investigation,,  the  phosphorescence  of 
NaCl-Ag  irradiated  by  alpha -particles  t.nd  ultraviolet  light 
hns  been  observed ,{  using  ae  detectors  photosensitive  Ot  iger 
counters*  RGA-1F23  photomultiplier  tubwi9  and  RCA~5Sh9 
photomultipliers » 

The  0=K  tube  >3  were  constructed  of  copper  cathodes-, 
and  the  phosphorescent  emission  was  usually  introduced  into 
the  counters  through  a thin  window  of  pyrax  i3  mg/sm" ) or 
Dirough  a 3ids  wa LI  of  thickness  one  millimeter „ made  cf 


?.  -A\: 

Coming  9741  glausc  The  counters  employee  exhibited  a 
laaximuai  of  spaa  tit- 1 response  at /"V  2.5  GO  .4  with  no  deie-bi  - 
able. response  whatever  ubovw/*w  JOQO  a’~  ycasurementf,  with 
the  0=K  tx.be?--  thuja  constituted  observation  of  the 

decay  of  the  shco  1 ~v.nv>x  band  alcna  = 7.1th  the  styengea  ; 

phosphors oent  8t  uraas  usec.?  the  count : .ng -rate  of  the 
photosensitive  C-  tf  tub co  dropped  to  con; uicr-oy  back* round 
when  one  millimelar  of  sofT  glass  was  inserted  before 
tie  counter,  indicating  only  response  1 tho  ultrcariolot 
of  the  short  wave  bandt 

The  RCA  5815  phot omulu ip tier  was  u ;llited  for  d:> 
tootion  of  the  Ung-vrave  bands  Although  those  tubes  ana 
not  expect  3d  to  ieapond  below  J>0UQ  a,,  nv-s  millimeters  of 
soft  glass  wim  i iterpc.iod  between  sour  jo  and  phototub » 
a 1 an  addi;iunai  ore caution*  The  IC  cu .Tent  flowing  i i 
tne  photOE.il wiplirr  was  taken  as  a measure  of  the  phoo 
phoresesnt  intensity o The  current  was  u-iiaaxired  in  a fust 
galvanometer  (T  * 4 sec } ? and  miaeurements  wore  not  com-* 
monotd  until  several  seconds  after5  cessation  of  irradi;  tionr 
so  that  bsilistib  coitc c-tiens  w*re  smal ".  ..«>  The  deflection 
of  the  galvai  orr.efc  jr  and  th&  readings  of  a stup-watch  were 
photographed  sircu  Itaneourly  with  a Sept  camera o L'je&yuj  e - 
mtnts  with  ai:  RCA-iPlG  tv.bh  were  also  carried  out  0 Tire 
detector  if.  oensi  itv«  tv  light  emitted  . n both  bancs.  The 
d ? cay  curvn  <-.f  the  combi? -.oc  amission  cl  both  bends  io  . f 
interest  for  reasons  to  t e later  d.tseucag-l*. 
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The  :t*rvr. « of  t*h?  pl'*£errt:  ty^p^S11  «r*  ocn^ 

cerned  with  the  normal  unstiraulated  phosphorescent  decay 
of  KaCl-Ago  This  type  of  phosphoras sent  decsy  is  to  be 
distinguished  from  that  arising  from  ths  release  o?  stored 

6 ) y ) 

light  by  iheraortiaiulation " and  photostimulatiorr  o 

In  gnner®^  the  propeities  of  two  types  of  crystals 
were  investigated 0 Single  crystals  of  NaCl  t 1%  AgCX 
were  obtained  from  the  Harshaw  Chemical  Co0  (hereafter 
referred  vo  as  f IIarshawM)f  and  poly  crystalline  melts  of 
KaCl  + Ool'%  AgCl  prepared  at  the  Bartol  Research  Foundation 
( hereafter  referred  to  as  "Bartolw)o 

Results 

The  ceeay  of  NaOlAg  (Bartol),  irradiated  by  ultra- 
violet  li^ht  Iron  a germicidal  lamp  is  uhown  in  Figure  la 
Curve  A show's  the  decay  of  the  short-ware  band  as  measured 
in  a Geigor  oou»ter9  and  ourve  3 the  decay  of  the  long- 
wave band  as  observed  vith  the  RCA *5 319  tube0  The  two 
curves  ware  obtained  after  successive  irradiations  of  the 
same  ’inelt^  the  conditions  of  the  two  irradiations  being 
identical*  The  excited  crystal  was  carefully  totally  de « 
excited  bj  photor.tifflulation  before  the  second  exposure  to 
the  ultraviolet  fouroe0  The  curves  are  log-leg  plots  of 
the  phospfr-  orescert  intensity  versus  the  time a At  large 
values  of  the  tic-Wp  tho  curves  are  seen  to  assume  a slope 
of  =-(  2o63  + OoOSi'  on  the  log-log  plcto  The  usual  "power 
law"  deaaj  is  as  Mimed  to  have  the  foies 
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Figure  1 - Pho^horescent  decay  c urves  of  NoC  4*  \/7%  AgC & 

( polycrystalline  melt  ) Irradiated  for  five  seconds 
with  ultra  violet  light  from  a germicidal  larrup,  o 
Curve  A gives  the  decay  of  the  lender  ^pod  ( 2500  A ), 
curve  8 that  of  the  upper  band  ( 4000  A ) . 
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Figure  2-  Ptxwphorescence  of  NoC^+1%  AgC  ^(single  erystal) 
Irradiated  for  five  seconds  by  alpha  particles.  The 
some  crystal  was  bombarded  repeatedly.  The  curves 
are  lettered  In  chronological  order,  A & C being  the 
decoy  of  the  shortwave  bond  as  dft.ee ted  by  ru  photo- 
sensitive G-M  tube,  B and  D the  decay  of  the  long 
wave  band  a*  measured  with  an  RCA  ) P2S  with  filter 
and  on  RCA*  5819  phototube. 


Figure  3 * Barfol  po I ycry  stall  I ne  mats  Irradiated  by  nlnhrt  policies. 

The  ultraviolet  band,  predominant  In  the  TP28  and  detected 
alone  in  the  Geiger,  decoya  with  the  steeper  ;!ops. 


Figure  4 - Decoy  curve*  of  a single  crystal  of  NaC&h*  :%  AgCx 
Irradiated  by  alpha  particles.  Curve*  are  lettered  In 
chronological  order. 
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where  p th«or*t  legally  0 n does  not  exceed  i‘0  A survey  of 
the  availiibiw  literature  has  shown  that  negative  slopes 
01*  more  than  { ) arc  rrsldora  observed o A slope  of  ~2oQ9 

lifts  been  - epor £<•.■  * ^ at  80'*’  C in  the  de.ey  t»f  ZmS  exalted 
by  ultraviolet  light « All  of  the  measurements  of  th® 
present  piper  wv?e  pev.^oriaed  at  temperatures  lass  than 
Co  It  the  particular  ease  of  Figure  Xp  the  de&ay 
curves  for  the  tivo  emi  jsion  bands  have  the  sam®  slop*  and 
who  same  gencm!  shape 9 indicating  that  the  eisotrons 
which  give  risi  to  the  two  bands  have  u ooraion  origin  in 
the  same  trap  distribution*  A;*  will  be  subsequently  seen, 
not  all  of  the  crystal1:  examined  exhibited  this  property  o 
The  phosphcresoenL  decay-cufves  of  a single  crystal 
(Karahaw)  are  :ihown  in  Figure  2o  The  palmary  excitant  was 
in  this  case  the  alpha -particles  of  poloniuoc  The  sains 
crystal  wee  irradiated  repeatedly  for  five  seconds  at  a 
time  to  ottain  the  curves0  The  source  strength  eras 
twenty -five  nillicurieso  It  is  thought  that  very  nearly 
Complete  da-exci iation  was  obtained  between  successive 
bomberdmer tSc  Th®  curves  ere  lettered  in  ehren© logical 
order  o The  ahor ; -wave  band  detected  w?uh  a photossneitivn 
Oeiger  counter  is-  seen  to  decay  with  a negative  slope  of 
~ 2n3B  wharras  the  lor.g*=wave  band  as  nnted  in  phbt&tubes 
decays  with  «.  s.2<  pe  of  -Xo82»  A slower  mode  of  deray  is  fils* 

in  evidence  of  the  approximate  fora  I ?*  I t “ 0 Since  the 

© 

absolute  value  of  the  negative  slope  is  l®ss  tlian  ip  this 
mode  of  do  ray  oou.ld  no‘;  persist  indefinitely*  A likely 
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interpretation  is  tbit  it  occurs  in  a "transition  region* o 

A polyoryste.llir.e  melt  (Bartol)  way  irradiated  three 
times  with  alpha -partible 3 to  obtain  the  curves  of 
figure  3 c*  Curve  A is  the  docay  curve  of  the  Abort -wave 
band  alone  in  a photosensitive  Geiger  counter;  Curve  B is 
that  of  the  two  bands  combined 0 and  Curve  C that  of  the 
long-wave  band < The  similarity  of  eurves  A and  B shows  that 
although  the  spectral  response  of  the  1P28  is  suoh  as  to 
favor  the  long-wave  bandp  the  short-wav®  ona  is  predominant 
because  of  its  greater  intensityo  As  in  the  case  of 
Figure  2P  the  \rltravlo3et  band  appears  to  decay  with  the 
steeper  sl?pe. 

Since  considerable  variation  in  silver  content  has 
been  noted  in  h&xshaw  crystals,,  a second  one  wae  irradiated , 
and  the  decay  curves  of  Figure  4 were  obtained 0 Here  againp 
it  is  clear  that  the  decay  slope  is  greater  for  the  short- 
wave  band  &a  detected  in  the  Geiger  court ©r  and  IPS 8 
without  filter  t’lan  for  the  long -wave  band  a a measured  in 
the  5819  and  XP2B  with  filter e 

Figures  2t  % and  4 show  a tendency  toward  steeper 
slopes  for  the  d a cay  of  the  short-wave  Gund»  Decay  = curves 
of  several  other  single  crystals  (Harsher/)  not  included  in 
this  paper  substantiate  this  tendency o Ho  fast  rule  can 
bs  develop however o The  curves  of  Figure  I are  an  ex= 
C'iptions  and  in  the  course  of  studying  a crystalline  melt 
( Bartol ) as  the  conclusion  of  these  measurement sP  a reverse 
trend  was  sncovntarsdo  Slopes  of  -2  were  observed  in  the 
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deoay  of  111®  long-wave  band  whereas  the  absolute  value 
of  the  decay  of  the  short=frava  band  did  not  exceed  Xo5=> 

A general  conclusion  which  oan  be  < ra wn  from  these 
measurements  In  "hat  for  a given  set  of  conditions  of 
cocoitatior  the  'wo  bands  decay  with  differing  power  laws. 
P;  has  bef.n  pJMv:  ously  shown'5  J that  the  lon£=wave  band 
arises  frt-.-i  thx  resen  tc  of  paired  silver  ions  in  the 
ci’-ystal  Ip.ttiouo  It  i;j  ooncluded  that  the  trap  diotri  = 
bution  ast  iciated  with  the  paired  silver  ions  is  different 
frsn  that  relate"!  to  the  single  silver  ‘.onjj'^o 
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At  the  t.iir.i  or'  the  last  .repccrfc,  we  were  in  the 
process  of  installing  the  Bartel  ion  source  into  the 
test  section  of  the  large  generator c Photo  #1  is  a 
photograph  of  the  ion  source  and  allied  circuitry  as 
it  appears  in  the  generators  A description  of  the 
set-up  and  data  on  the  performance  appears  in  the  section 
entitled  "An  R«  P*  Ion  Source” o After  having  passjsd 
through  fourteen  feetn  however 5 the  bn.am  was  about 
3/4  inch  off  center c 

Following  this  installation  further  tests  were  con- 
ducted relative  to  the  tube  behavior  with  and  without 
baffles s Because  of  the  off-oentered  b©amP  however B 
we  were  unable  to  bring  the  beam  through  the  1/2  inch 
holes  in  the  bafflas*  The  reason  for  the  off-centered 
beam  was  determined  to  be  the  result  o*  a bend  in  the 
tube  caused  by  a misalignment  in  the  tube  assembly  gig- 
In  addition  to  the  band  in  the  tube*  too  much  Vynal 
Seal  had  been  used  in  the  assembly  and  net  enough  care 
baa  been  taken  to  keep  the  tube  clean r Consequently r it 
was  decided  to  fabricate  & second  tub$e 

This  also  gave  us  a ohanoe  to  ofriulc  the  behavior 
of  the  generator  without  a tub«o  While  the  tube  was  in 


with  tho  souroe  operating,  we  made  a vcltage  aalibyotlun. 


using  fcVjG  } j.*su •;*')« .lotto  X'hus..  with  the  voltmeter 

calibra^-i.-  *;•;  v/»»r*  abis  t>«  set  an  accurate  value  cn 
the  limit  or  th-i  generator  > With  80#  pres  sura  r tho 
tjencrator  operated  very  nail  at  w Mev  nhareas  at 
3 325  Mev  sparking  began  to  take  place  oetween  the 
rings c Insofar  as  3 Wev  on  this  section  represented 
10  Mev  ;;or  the  full  ran  chine  * ne  did  noc  increase  the 
pressure  to  attuin  higher  voltages o 

The  resistors  between  the  squipot »ntials  wert 
modified  during  these  testso  As  previously  reports df 
the  IRC  barber  pole  resistors  had  been  ohangsd  to 
SS  White  resistors®  Twelve  SS  White  resistors  nero 
required  to  rep. jioe  the  IRC  resistors  Thie  was  ori- 
ginally dons  by  soldering  knobs  on  the  ends  cf  ths  re- 
si at or s f stacking  these  inside  a glass  tube  end  then 
putting  buttons  into  the  snua  cf  ths  tube c The  whole 
resistor  was  thi  n preseed  together  by  the  spring  ir.  the 
holder  rttanhsd  to  the  equipotential®  This  push  contact 
was  determina'i  ■■  o be  inadequate  j consequently  the  knobs 
were  all  soldert  d together o In  the  final  assembly  tha 
wirsn  of  the  t^s  Istc-TS  *rr  soldered  into  a single  ira  :sro 
The  tube  a nnectors  iiave  been  modified  twice  tinne 
the  aodif i*watioi  last  reported 3 Thesa  modif icct  loins 
have  been  made  : n order  to  riu  the  ra  Is  tor  ourrenr 


readings  of  little  kicks 0 Originally  the  connector -5  vero 


ala^trodsa  of  the  • 

baing  aonnsutcd  to 
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t he  o qu  i pot  e at  la ). , 


Stud  C»ii  ths 
Ox  ths  spring 

Th"»s®  • 


to  short  spring  a,  one  and  of  which  was  connected  to  the 
tubs  elsotroda  and  the  other  to  the  esottipotent ial © Kext 
aluminum  shields  were  put  over  the  springe 9 one  end  of 
the  shield  being  connected  to  one  end  of  the  springs  and 
the  other  end  free  so  that  any  current  still  had  to  pass 
through  the  springe  The  difficulty,  however,  with  these 
springs  ie«as  to  be  ths  inability  for  them  to  take  high 
frequency  surge  3 o Finally 9 the  free  and  of  the  shield 
was  connected  sj  that  the  shield  now  shorted  out  the 
springe  As  a result,  in  the  final  assembly  the  stainless 
steel  springs  tv  .11  be  replaced  by  a couple  of  turns  of 
#12  copper  wir-a  ; 

Th»  new  tu )«  section  turned  out  very  wello  Without 
any  baffles,  at  sady  voltages  up  to  about  2 Mev  were  ob- 
tained after  ruming  for  some  5b  hours  s any  effeot  of  the 
beam  on  the  voltage  was  not  observed o Following  this 
teat 9 a baffle  consisting  of  three  overlapping  annular 
rings  each  supported  by  three  anus  w «re  inserted  in  ths 
three  electrode  j in  about  the  middle  of  ths  tubs;*  After 


a few  hours  of  manning,  steady  voltages  of  about 
2 1/4  Mev  were  ?btalnsdp  which  is  net  an  appreciable 
gain  ovor  the  one*  without  the  baffle « Ne  vert  he  la  ^ a, 
there  vnta  certainly  ns  inverse  effeot  and,  of  course,  it 
is  possible  tha:;  the  limitation  is  not  due  to  tub®  letding 
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The  factual  length  of  the  *iGoe  Aerating  tubs  in  th 


:ces”o 


In  OOnnSotiolri  with  the  tubs  luiiuing  Sfxg^tp  th® 


following  i&ai  was  conduisbedo  A 6"  ditio  sapper  plat-s 


saa  placed  at  p 45°  angle  in  the  main  tuba  plumbing 
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system | the  angle  was  such  as  to  prevent  any  back- 
diffusion  up  into  the  accelerating  tube  propers  This 
plate  was  connected  to  a 3/4M  copper  rod  which  passed 
out  of  the  vacuum  system  through  a Kovar  tube®  IMs 
plate  was  <=«  first p cooled  by  a dry~i«e<=ecetone  mixture 
second ? brought  to  room  temperature  ~~  third,,  raised  to 
about  200°  Co  The  voltage  was  brought  up  on  the  machine 
for  each  condition  without  any  beemo  During  all  the 
previous  tests  very  little  vacuum  effect  was  observed 
with  increase  in  voltage » In  the  first  ©as®  above , 
there  was  an  appreciable  increase  in  vacuum  with  increase 
in  voltage ? in  the  second  casep  there  was  no  appreciable 
effect;  in  the  third  case,,  the  effect  was  again  observed o 
Undoubtedly p if  still  higher  temperatures  were  tried P the 
effect  would  have  decreased  again 0 The  reason  for  this 
effect  does  not  seem  difficult  to  understand,,  but  thst 
fact  that  the  ground  - end  of  the  generator  extends  seven 
feet  below  the  end  of  the  accelerating  tubs  is  of  i® 


port  a no a 


V/i'i  i'1  ‘•iiJ  *,  tX  ;Ui  iriS  ijfel.l.  .1.80  ? V.  bfAX At  • V.’xl  h. 

put  at  th&  bi* ao  >.v.  x-kip  •- v ■: -s&  lerf? t ;lng  orbs  Uki 0.  P &y.p -■ 
pressor  will  bz  pi r-.o&v.  under  this  bsfilso  5?his  will 


tend  to  shield  the  accelerating  tub,,  irom  the  large 

amount  o 1 plumbing  surface  aa  well  as  to  shield  tha 

electrostatic  deflector  plates  for  centering  the  bsam 

from  stray  bcftm-'partlaieso 

Th<8  analysing  magnet  has  been  assembled o Photo  #2 

shows  this  assembly.  The  magnet  is  much  the  same  as  the 

magnet  used  on  the  Los  Alamos  generator o The  control 

circuit  has  als-v*  been  installed  and  the  degree  of 

stability  of  the  current  in  the  coils  is  now  being 

checked o The  control  consists  of  a magnesium  real at or 

in  series  with  the  magnet  winding o The  voltage  from 

this  resistor  is  compered  with  a standard  voltage  and 

the  error  amplified  by  a shopper  amplifier  to  control 

the  field  of  an  amplidyne  which  in  tu*  ft  controls  the 
# 

field  of  the  M=G  set  energising  the  cfcilso  As  may  be 
seen  free'  the  photo,,  She  magnet  is  mounted  cn  a tujTfct 
to  allow  for  positioning  of  magneto 

At  present,.  assembly  of  the  comp  ste  generator  is 
under  way0  Initially e electrostatic  testa  will  be  run 
to  determine  ths:  ultimate  voltage  obtainable  o Th« 
generating  voltcietur*  and  a voltage  aontrolXing  aorena 
probe  are  completed  and  will  be  used  during  these  Seats o 


i’hs  vamuiw  tjy&tej*  i&  alee  essentially  aompleta  o 
This  involves  thw  suppressor,,  the  electros  eatia  bsara 

positioning  devise p two  acts  of  energy  defining  air- 
cooled slits  capable  cf  withstanding  100  watte  per 
slitp  slits  to  scllimate  the  beam  entering  the  magnet 
box0  the  magnet  bor>9  and  the  necessary  valves o 

One  other  revision  has  been  made  in  the  bolting 
arrangement  for  the  cap  of  the  tanko  Originally 9 nuts 
ware  welded  on  the  underside  of  the  flange  on  the  tank 
proper^  and  the  studs  were  screwed  permanently  into 
these o HoweverP  it  was  found  difficult  to  position  the 
cap  precisely  over  these  studs o Consequently  9 all  the 
nuts  were  taken  off  and  a platform  installed  below  the 
lower  flange  so  that  the  studs  may  be  dropped  to  the 
level  of  the  joint # thus  avoiding  th®  difficulty  of 
alignment o 


IIXo  , LINEAR  ACC&LfcRATOKo 


Introdustiasi  = 


The  work  ct  th%  linear  susoeleratcr  project  hag 


been  divided  between  :)  nvr,.  at  i gat  ion  b cf  secondary 
emission  from  thin  metal  foils  and  engineering  improve » 
ments  d& signed  to  improve  the  stability  of  the  machine 
and  to  eliminate  radiation  hasarda  to  the  operating 
personnel c 


Xo  Secondary  emission  maaiiiarement^c 

The  linear  acaulurator  is  being  used  an  a sours*-  of 
electrons  of  from  3 X«  / to  1»3  Mov  In  the  measurement 
of  secondary  emission  fr ; n thia  me ‘if  a 1 folks o 

In  order  that  ;ho  as  solidary  yi«X5®  obtained  shall  be 
oharaot aristio  of  tie  material  being  investigated  and  not 
of  surface  impurities c vaauum  conditions  must  be  much 
better  thin  those  prevailing  in  tho  ILnear  accelerator o 
Conse^uantlyc  a tub  j c of  which  a photograph  is  shows  in 
Figure  ip  has  been  designed  which  permit a the  injection 
of  the  high  energy  elytron's  through,  a thin  glass  window 0 
This  tube  is  of  a ai-aled-off  construe -'s.ion  with  a vacuum 
of  better  than  10  * mm  Kgo  It  ccns-l&to  essentially  of 
four  electrodes,  a od? lioatar,  a ©c-1 lector  for  measuring 


electrons  emitted  from  the  hack  fa<-«  of  the  target 9 an 


v/hieh  pcjx7ii:Vl’B  ta m suvsmants 


iiri  *htfi 


osi  sevesral  tarr&nts  .viihaufc  opening  t-l  .'  tuba#  and  & 

trap  fox-  chs  primary  current  and  tht  sscondaria© 

from  the  front  face  of  the  target  o V/lth  the  exception 
of  the  target  assembly,  &11  of  the  electrodes  sra  made 
of  graphite  in  orders  ic  minimise  extraneous  secondary 


emission  and  scattering*  In  the  processing  of  the  tubep 
pertlnuiar  attention  he a been  given  to  proper  de  gassing 


of  the  electrodes,  especially  the  targets^  in  order  to 
exclude  surface  adso-rbtioE  phenomena  o For  this  pur- 
pose c an  aux Hilary  tungsten  cathode  has  been  incorporated 
in  the  tube  to  perm. t heating  of  the  targets  by  electron 
bombardment  o 

To  date,  measurement)-*  have  been  made  on  nickel  foils 
of  1 and  2 mil  thid'.ic  jSo  Because  of  ambiguities  arising 
from  the  fact  that  part  of  the  primary  beam  strikes  the 
target  aupporte,  on  / ;i  lower  limit  has  been  obtained  for 


the  total  secondary  yi^ld  from  the  front  and  back  faces 
of  the  target o Thifs  lower  limit  for  the  secondary  yield 
{about  3 %)  is  of  considerable  interest p since  it  is  con- 
sider* bly  higner  thf.c  ime  would  expect  from  a imp  la 
theoretical  considerations  concerning  the  energy  loss  of 
the  primary  b$am0 

Engineering  improvements  in  the  linear  accelerator 
and  modification  of  the  design  of  the  target  assembly 


whtafa  have  l>  it-ii  nv.de 
ties  ps?o*ieiit  Ik  thee-i 
IrH SliS/fc  S3  ttra  <^-lp0 


»':?lu»\i,Xd  rrawovs  of  this  svmbigrd.- 

viicpori-Mmtij 1 lino,  wore  pr® Qis?< 

:?,v  uho  »i«ar  .future  •> 


2 a Ihtai&u  jsl.vnjj^a  ^ lls  thu  iui>a  MX'  i .<xyi  y JX'  • 

Carts  in  general  difficulties  with  the  operation  of 
the  linear  accelerator  vihissh  are  now  being  •5liaainated9 
have  arisen  in  connection  with  the  above  experiments  <• 

First*  because  of  the  necessity  for  changing  several 
variables  during  a est  of  measurements,  the  operator  ha* 
to  remain  in  the  vicini  ty  of  the  accelerator  during,  the 
experiments  This  results  in  a high  rat©  of  irradiation 
of  the  operating  personnel,  and  from  safety  considerations,, 
experiment*  must  be  infrequent  and  of  short  duration « This 
situation  is  being  corrected  by  the  introduction  of  a re 
mote  control  system o 

Secondly.,  the  stability  of  the  asselerator  is  rather 
poor  because  of  the  :dT  heating  of  the  accelerating  cavi- 
tie®o  A temperature  cinAiige  of  1 0 in  n cavity  product** 

a change  of  about  60  kc  in  its  resonant  frequency o Be= 
cause  of  the  high  Q Shis  snail  change  produce*  a large 
phase  shift  ‘.about  1/2  radian )<?  Thus,  a temperature 
difference,  between  cavities..,  of  a few  degrees  0 
seriously  upsets  the  phasing  conditions  and  is  accompanied 
by  a drop  in  the  output  energy.  This  situation  has  beer, 
remedied  by  water »eoollng  the  cavities  and  magnetron* 


Sr'uiia  HhO’i?  thv.t  uk 
heating  tha 

fraction  of  » ds.grts*  0 
©hang®  is  about  10"  0o 


/.i  wiy 

i«A'i;csJ--*JOo. 

'.in*;  tno 

uiw 

^ -J  1 

nparatuvo.'; 

>Xj  *;,> 

AM 

while  with  ttlv-cool.l.ngp  th-f 

B j this  msami  the  f/ana-up 


period  has  bean  reduced  from  on®  hour  to  a few  minuter o 
A third  difficulty  hia  been  experienced  with  th® 
dielectric  phase  shi  ’’tors  used  to  load  th®  wave-guide 
in  order  to  obtain  the  proper  phasing  conditions  in  the 
cavities  o Occasional  arcs  in  the  waveguide  caused  ths 
decomposition  of  the  polystyrene  phase* shifters „ and  a 
general  cleaning  of  i hn  wave -guide  and  cavity Hfrindows 
was  necessary  after  several  runsp  baeav.se  of  a thick 
deposited  layer  of  dsconposltion  products o 

After  several  ts»si » of  other  dielsetricsg,  halogen 
substituted  hydro  car  boiu  v;ere  finals  found  to  be  suit- 
able in  their  microwivve  oliarneteristiossp  and  in  their 
re  si  star.  Therefore,  tli«  polystyrene  phase- 

shifters  war®  replaced  -ty  ones  made  from  Teflon » 

At  this  present  tiir.«9  mr  effort.-!  are  directed  toward 

\ 

full  remote  control  of  ths  accelerator,,  in  order  to  ex- 
clude all  hnaltn  haavirds  t-uw  toward  continuation  or  th® 
secondary  ciaLesion  expcrl’aent»o  Moreover 0 replacement 
of  worn-out;  electron!®  equipment  convicting  of  modified  war 
surplus  which  h*s  sanded  frequent  failures  arid  delay© 

in  operation  hae  bee 2 taa.vfcadc  In  connection  with  these 


modl£  i nation©  D 


tba  ©'iilitional  aix  Qavl'tJ.es  whiuh  will 


In grease  *fche 


uftivgy  of  *6 he  aesolerator  up  to 


4 Mev 


are  being  provided  y/;U;h  water- «o » ling o 
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mm  owq'zioh 

BffcarabmWona  of  raesotroh  stars  % Ufa  have  been  t&ada 
by  various  asothodis  with  varied  results*  Soma  methods  in- 
wax's®  Jcaowl*3g®  of  tn®  relation  between  the  absorption 
powers  of  great  thiotato?^®  of  saa.t$ri&l^  K Others  have 


\ 

# As.?%  u had  by  th®  Joint  of  the  ONE  and  th®  AEG  a 

.U  The  theory  of  th©  method  w© s developed  by  the  senior 
author 0 (W0  x?n  G,  Swann)*  and  th©  ■appasafcus  Mas  de=> 
signed  under  hi®  direction  by  the  junior  author 
(Do  ’* o Seyacmr)  w'ko  also  took  the  initial  observations 
afe  Sienandoah  Park*  The  ttu'osaqw.nfc  rout  in©  data  wor-s 
taken  by  Mr0  Harley  0*  Taylor* 

2}  To  Ho  Johnson  and  M0  A*,  Pom®rentJs8  Phys<>  H©v08  55  P 104 
(1939)?  also  M0  A*  Pomsrantx „ Phye*  Rev0()  5?#  3„  (1940) 


involved  oosp&riaon  of  uiaa  aura  mentis  smde  at  different  tinier  at 
different  altitude®  and  localities-^ ' 0 Moreover*,  there  are  Mide 


B a 


Hosts! , i 
U940) 


Hilberry  and  J. 


B, 


Hoagj  Phy®,  R©v0f  5?t 


> W-< 


vi 


t%ua  ffli  i *3  ^ 


/?cx  4^ 


M & .€>&  — — ~ -- 
WAi  & b 


Si\ 

wsorrsn^' 


4)  W„  Ho  Mi®ifs©inB  G0  Ho  'dyerBon,  L.  W,  Month®  isa  and  K»E0 Morgan, 
Phygo  Revop  59,  5^7  (19^1)  give  a value  of  1.25  mioro- 
seconds * while  M.  Ageno,  ®D  Bermrdlnl,  M . B .Caocl&puo ti  8 
B0  Perr&feti  and  G©  Q*  Wlok,  Phys©.  Rev«t  5?,»  9^5  (19^0)  give 
value  & in  excess  of  *$■  microseconds© 


Si  view  of  the  foregoing  situation,,  the  authors  have 
planned  and  carried  out  simultaneous  measurements  at  different 
altitudes  In  the  same  locality 0 Moreover,  it  has  been  felt 
necessary  to  interpret  the  observations  in  terras  of  a more 
precise  theory  than  seems  to  have  been  used  heretofore  © The 
desire  was  also  to  verify  the  variation  of  mean  life  with  momen- 
tum since D relativistic  arguments  notwithstanding,  there  could 
be  sense  to  a situation  in  which  the  variation  In  question  did 
not  follow  the  relativistic  form^ )0 


5)  'The  reasons  for  these  considerations  which  are  not  primarily 
relevant  to  the  present  paper  are  given  in  a semi- -class  if  led 
report  of  limited  circulation^ 


EXPER XMENTAL  ARRANGEMENT 

The  general  plan  was  to  operate  cosmic  ray  telescopes 
at  two  different  altitudes0  with  various  thicknesses  of  lead 
absorbers  between  the  trays « It  was  necessary  to  compensate 
the  momentum  absorption  of  the  additional  air  above  the  lower 
telescope  by  inserting  an  additional  equivalent  thickness  of 


3 - 


'i 

^ • 


XeaA  in  fc-li©  uppor  to Is scops 0 th&  bhi©im©@8  of  fchi@ 
is  dofeoralsisd  by  fch®  following  considerations * If  th© 

thickness  of  the  block  of  lead  In  fch®  lower  t©le scope,  the 
total  thickness  L;>  in  tha  upper  telaeoope  must  be  such  that 
the  momentum  necessary  to  penetrate  Lg  i#  equal  to  the  momentum 
necessary  to  penetrate  plus  the  air  column  between  the  upper 
and  lower  telescopes*  It  this  ©ondittln  la  satisfied,  then  in 
discussing  the  penetration  through  the  lead  of  thickness  i>^c  we 
have  simply  to  consider  that  portion  of  the  speotrum  which,  at 
the  high  altitude, would  penetrate  I#i  plus  the  air  equivalent  addi~ 
tlon  and  attempt©  it  by  mean  life  considerations  in  accordance 
with  the  calculations  to  be  presented  later . It  will  later  be  seen 
that  the  thickness  of  the  compensator  depends  in  principle  upon  Li 
as  well  as  upon  the  mass  of  the  air  column*  The  dependence  upon 
is,  however,  very  slight,  so  that  in  practice,  a single  compensating 
thickness  serves  for  all  values  of  I<^  employed 0 

The  compensator , which  comprised  14  oms  of  lead,  was  placed 
within  the  tele  scope  * Arguments  have  bean  given  for  placing  the 
compensator  above  the  telescope^' ^ , these  arguments  being  based  on 
the  fact  that  the  air  which  is  being  compensated  is  also  above  the 
corresponding  tele  scope..  However,,  the  real  disturbing  features, 
such  as  scattering,  shower  production,  etc.. , play  an  entirely 
different  role  in  the  measurements  for  a thinly  dispersed  medium 
like  air  than  they  play  for  a donee  medium*  On  the  other  hand, 
mesotron  production  in  the  lead  itself1^  may  ba  serious  in  th® 


6}  Ho  Schciit  and  V.  Q.  Wilson,  Phys*  Rev*  , 54  , 304  (1938} , 
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9*iic  iipk*iKOnf;fijl  ell  starve  a ltt» 

8 te.lXci  f;  (, 


Fir&itiia  {itilei/yP'-ACK.A  f oo fc 

tail  t’h«  fetJd  rf.Ultioiie  via ?j  ubcmfc 


'aueof.x  o.if  Alii’.;  jsxPFnii-ier? 


S,t“  is  fclia  t-JV-.u’ftMt'iOis  of  lead  (An  aitujt*  pew?*  unit  area 

/ 

fceiCSMUpiJ,  rMp}  tilts  XOfSS  in  lBOiLV3n  tU!3  § 


units)  la  the  ] 

pay  unit  ( fisaiss ) fchAchsi&r»»jt  Xu  laati^  and  if  p is  tha  inosumtjUf/i 
xi©e®  fss&ry  fox*  p®n®fcsa*ifc.iQ.u  of  this  lead  of  thioknees  I.t  „ than 
p^  %m  by 


thloifatiss  of  tsfca  upper  blook  b%  mint  Is  such  that 


i 


■if & vf 


•a 


itf* 

E# 

T//* 


O' 


whaya  p,  is  fell©  aomcntuo*  ids©  of*  a ray  which,,  on  passing 

ilk*:} 

through  ciMi  GoliiE®  of  air  of  thickness  hff  ©nds  up  with  momentum 
p jl  i;hs  quantity  to.  toalJig  fck©  «aass  pas*  tail 6 of  area  of  fcha 
air  b©!;w<s«m  the  ferns  talsmaepas*  If  this  condition  lu  $&fclJifl©&e 
and  if  P.,(p}  is  the  upuo feral  distribution  function,  for  the 
higher  a.\ ti feud© t,  feh-j  iti-jfa  which  pmefcreto  the  upper  and  lowor 


6 «■ 


tai  a scopes  Mill  i>®  determined  1*0  apooblmty  by  $p  and  } , crhoro 


H'id  where  a in  an  attenuation  factor  determined  entirely  b;/ 
juaan  Ilf®  considsra felon &0 

If  f • Cp)  Is  the  loss  in  fiayw.an turn  per  unit  (masa)  thlo&onaB 
\jf  the  air*  as  id  p^  Ib  the  momentum,,  at  entry , of  a ray  which, 
aPfcsr  passing  through  the  mass  thickness  of  ulr,  baa  momentum 


p,  i«s  hav© 


Ahis  determines  as  a ft  motion  of  p and  h,  so  that  p^f  ss  ) 

is  determined  In  terras  of  and  h,  'Ahe  valuta  of  f^(p'  fend 
r*(p)  were  obtained  from  the  calculations  of  Roaai  and  GreXi&m1 1 


& 


?}  Bo  Rose!  and  K„  Orel  sen  (Hev  „f!od,Phya<. « 13;  2hQ  (19^1) K 

These  authors  give  dE! 3 /6jl 8 as  a function  of  momentum,  whei ?& 
E*  is  in  'slooferon  volts8  laoraertuHs  is  in  e«,v/a  unite,  and  3£8 
is  in  grams  par  atu20  To  convert  E3  to  m0o^  units,,  we  mul- 
tiply by  s/300  ra0c^o  To  convert  momentum  to  m0o  units,, 
multiply  by  e/300  ie0c2„  end  to  convert  da*  bo  &x,  as 
measured  in  erne,  we  utilise  th©  data  obtainable  from  the 
Government 0 a publication  "The  U»S0  Standard  AfcEOspharV1  <, 

Now  in  ordinary  units,  the  momentum  loss  per  am  ->&p"/dx 
is  related  to  the  energy  Iowa  d!E,!/dx  per  cm  by 

db,pH  _ J~~  £•“ 

<£*  /3c  ~okx 

If  p and  JS  refer  to  ra0o  units  and  m0o2  units  respectively , 

i_  _j„.  t&M. 

mlj?*  d-?t,  ^ 


-L  &) 


cix  A' 


t-  ^ iVr" 


Tli®  compensator  thickness  of  course  . 4 


- mu  ia 


prinoXpl©  It  depends  upon  but  la  praofeiee  bh©  d^pandenas 
8 1 

la  vary  slight  * 


8)  It  burns  out  that  for  thickness  of  Xasad  ranging  from 
10  ©its  to  60  ©mep  the  compensator  thioicness  al fcered  by 
only  4 per  ©onto 


The  Attenuation  Through  Mean  Life  ConaiderationBa 

If  is  til®  number  of  rays  having  momentum 

between  p and  p + dp  at  the  higher  altitude^,  then  the  group  A»2 
Buffers  attenuation  due  to  deocy  on  its  journey  through  the 
atmosphere  according  to  the  law 

M-  "-£r  ® 

where  dx  la  an  element  of  path  in  oma,  v is  the  velocity  of  the 
rays  at  a point  in  the  pathfl  and  <f~  is  the  mean  life  for  the 
velocity  v.  The  momentum  p in  m0o  units  is  given  by 


Hence 
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If  we  assume  the  relativistic  expression  for  *T 


% (i -f 


8 -- 
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whore «£  is  Urn  rest  mean  Ufa.  Hence.,  from  (4),  (5)  and 

(65  j,  v?0  luw&  B on  .tnfc@grat.lng  ©war  the  path  h,  her©  si&pKsgg-gd 


in  osaoj 


5°>  4 


«-»4  *«U 
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we  may  writs  (?)  in  the  form 


where  p is  the  momentum  above  the  lower  telesoope  of  a ray 


CD 

(*) 

(<}) 


which  has  momentum  at  the  level  of  the  upper  tele scope , 


and  where  ne  have  changed  the  variable  from  p to  £ in  order 
to  avoid  confusion  with  the  limits  of  the  integral,  Sinoe 
Ph  is  a function  of  p and  the  latitude  difference  h,  the 
entire  integral  in  (9)  is  a definite  and  calculable  function 
of  p>  whloh  we  shall  call  i|»  (p)8  so  that 


and 
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1 d i 
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If  is  the  number  of  rays  which  pjmobr&t©  the  uppar 
telescope  with  ooiHpsneafcoFj,  and  whoso  taomenfcu®  for  penetration 


and  if  N^  is  the  number  of  rays  which  panetrate  the  lower 


telescope 


An-. 


Lot  ^(^jbe  some  indefinite  integral  of  PgCpJdp.  Then  <P^  ^p'j 
1©  undefined  to  the  extent  of  a constant.  However 0 for 

any  oholoe  of  ^ 

p /.  x „ & % fe L 
% (*)  " “X^ 


^ = 


/ \ ^ //  \ 
- y»  uv 


’I’^A  ft,  £p)  <&p 
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Now  although  $ is  undefined  to  the  extent  of  a constant , N? 

% 

is  obviously  independent  of  the  ©hois®  of  the  constant  as  aay 
fee  seen  from  (13)  or  more  fundamentally  from  CllK  Now 


-•  10  « 


equation  (ih)  dooo  not  explicitly  exhibit  U-j  as  independent 
of  fch®  oosi®fcent0  tout  wo  laiow  that  it  must  fo@  from  (12). 

H@ncs®  0 tm  omi  ohoos©  aw  oonit&nfc  A \m  pleas®  in  (14)  * W© 

shall  imagine  bho  constant  bo  to©  chosen  bo  that 

In  this  oase,  we  liave  for  any  value  of  p as  corresponding  to 

jKVt*  f-zsK*')  z*  ,n  rti  Y“.di*  f-'  ft  a ten  1 rti  -f*  "hT  4-V&«*t  «*  4*»  m ’’I  a»  &&***.**  « Sfe 

KPA&%a  U,  •.  ^w«Lw  mUvit^xii  jj,  i**&w  w *-*  ww  b%«u»  w?a  i*  a.  \ji +.  V****1'  n#  t#v«>w  W’M'WI'v  «k4»b# 


given  toy 


N » % ('°°)  - % (W  = - ?* 


UtouB  (14)  becomes 

. i -y  (fc/Q  ij 
/v  = e ^ ~v  °IY2 
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where  SI  in  the  integral  refers  to  the  number  of  rays  which 
penetrate  the  upper  tslssseps  whan  the  tfrleknsss  of  lead  therein 
x*«quire»s  & raowtontue  « for  penetration,. 

Sino®  tli®  vfiluss  of  II  are  known  over  only  a finite 
interval  or  p,  the  Integral  in  (15)  1b  unknown  except  be- 
tween »uoh  limit©  p2&  and  p2fe  as  those  over  which  H is  known  0 
If,  therefore,  N-ja  and  N,^  refer  to  the  numbers  of  rays  whioh  in 
the  lower  tele  scope  penetrate  two  pieces  of  lead  whose  repre- 
sentatives In  the  upper  telescope  are  penetrated  by  Nga  rays 
of  momentum  greater  than  p2a  and  rays  of  momentum  greater 
that  reaps otively,  then 


0^ 


/V  -e4,^/r°M 

1 lb  ^ %CL>  i 


4,'Q 
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whs* *o  Jla  tui  nlroady  stated  under  Olio  Integral , refers  to  the 
upy ar  ui  I©  mo p-s » 

K 

Assuming  ouoosa3lvs  values  o.f  SlL  „ equation  (16)  wae 
basted,  using  graphical  Integration B until  the  ns  eta  a nary 

to  satisfy  the  equation  was  found 0 

An  Important  f tux’®  of  the  above  analysis  lias  In  its 

allowance©  for  the  proper  loss  of  momentum c and  consequent 

variation  of  mean  lif©  during  the  passage  of  the  mesotron 

through  tli®  air  separating  th®  altitudes  of  our  telescopes™ 

It  o&n  be  shown  that  if  th©  calculation  had  been  made  on  the  basis 

of  an  average  momentum  for  any  ray  over  the  air  Journey „ a 

significant  ohange  in  th©  values  of  calculated  from  the 

data  would  have  resulted,,  In  spit©  of  the  fact  that  an 

9) 

* integral  method”  has  been  used  in  deducing  the  values  of 

9)  Do  Jo  X,  Honfcgoraery : Cosmic  Hay  Physios,-,  Pages  210-211  „ 

from  experimental  data  , the  method  makes  no  assumption  as  to 
th©  form  of  th©  spectral  distribution  of  the  mesotrons*  This 
distribution  dictates  the  values  of  N,  but  those  value s them™ 
selves  depend  only  upon  measurements o 
Be suits * 

Th®  measured  absorption  curves  are  shown  in  Pig*  2 „ I*he  inten- 
sity is  given  in  coincidences  per  minute  and  th©  absorber  thick- 
ness  in  centimeters  of  lead™  In  the  ease  of  the  upper  telescope, 
th©  abscissa  represents  thickness  in  addition  to  the  14  ©ms 


absorbs v 


Wi-LE  l 


’®o0  units) 


2,33  « 6.28 
4,95  - 9-10 
73T^?ao 


XO  * 40 
30  - 60 
Io™60 


( a&Q  X 10"* ) 


2,4  + 0,8 
2,2  * 0,8 
~zITT'(K6 


liable  X shows  various  value a of  ^ ao&ipu bed  for  dlffsroafe 
regions  of  the  absorption  our?  a , mans  oulou? at  Ions  are  based  on  fch© 
value  mQ  « X96  electron.  caasssa  (XoQO  X 10^  9,v/o).  W©  have  chosen 
shle  value  of  m0  because  it  Is  the  value  which  has  boon  used  by  most; 
,‘omar  observers  with  whose  oisi a 3ur  e went & it  1b  of  interest  to  compare 
mr  re eul fcs. 

It  is  easy  to  show  that  with  this  value  of  «0  a 10  pe:-?  oent 
,n.sr^asa  in  ®0  corresponds  no  a ? per  cent  increass  in  the  value 
if  % which  would  be  calculated  f rom  the?  data,,  'fhusc  if  m taka 
'ha  value  of  <a0  taora  usually  accepted  at  praac-at^  namaly0  is0  43  212 
,4oofcro»  masse e0  the  valises  of  \ given  in  the  'Bible  would  be  Jln- 

■.:?oaaa&  by  5«6  pe r ©©at. 


The  oonaistcnoy  of  tho  value n in  the  Table  for  different 
portions  of  the  absorption  sisrw  is  interpreted  as  confirmation  of 
the  rel&tivlotia  variation  of  ‘'If  with  p,  n&msly  cf~c!©^  f 
Xf  the  lifeticm  varied  by  s§es  other  law,  for  example,  f?)  ^ 

tlssn  it  atm  easily  be  shown  that  the  value  of  % for  the  higher 
1T«iUw S Of  p would  be  about  twice  the  value  for  the  lower  value# 
of  po  Such  differences  in  the  values  of  % as  exist  for  the 
different  ranges  of  momentum  are  small,  and  well  within  the  sta- 
tistical uncertainty,  yet  they  are  in  suoh  a direction  that  if 
the  variation  is  real,  it  oan  be  attributed  to  the  effect  of  a 
non-decaying  component „ 

Comparison  of  Results  with  Those  of  Other  Observers , Our 
results  are  in  olose  agreement  with  the  value  - 2 X XCT^  sec. 
found  by  Rossi  et  al^ , using  a similar  method  founded  upon  ob- 
servations taken  at  two  different  altitudes  widely  separated, 
however,  in  position  and  time „ They  are,  however,  quit©  different 
from  the  result  *V0  — 10£3  X 10“ * see.  obtained  by  Nielsen  et  al*'*^ , 
again  by  « method  involving  msasurs sent*  «t  different  times  in 
the  same  locality  <,  Nielsen’s  calculations  do  not  take  account 
of  the  change  of  mean  life  resulting  from  the  loss  of  momentum 
of  the  mesotrons  as  they  pass  through  the  air*  However,  wo  have 
recalculated  a /alue  of ^ from  Nielsen's  data  as  given,  the  calcu- 
lation being  made  according  to. the  theory  outlined  above,  and  while 
the  value  obtained  differs  appreciably  from  that  calculated  by 
Nielsen,  and  in  the  sense  to  make  hi  a results  harmonise  more  closely 
with  ours,  there  is  at  ill  a wide  discrepancy « Nielsen's  result-, 
as  calculated  by  our  method,  is  <T!  =s.  1„7  X iCT^ 

5? 


sec* 
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Wfi  &r©  indebted  to  Dr0  Lyman  Jo  Briggs B through  whose 
good  offices  we  seoured  the  kind  cooperation  of  Mr.,  Ouy  D0 
B&wards^  Superintendent  of  the  Shenandoah  national  Parity  who 
put  facilities^  including  the  fore ts t ranker"  a cab  in  t at  our 
disposal a We  are  also  indebted  to  Mr*  R„  00  Orelraan  of  the 
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Pfeiffer  and  Mr.,  So  Berko*  . 
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GowtitiQt?  forays  1Z  0"i  X 12  OB!  sosisitiv®  area. 

Z?  om,  fcr&ya,  Neaaurod  exf  ioionoy  «>«  97  /o  ° 

A Hoa.s.1  cainoldoiioe  Qi.rou.lfc  operate*  a fchyratron 
mid  moolmnleal  raeord-sr,,  R© solving  fcima  for 
accidental*  a j X 10^  eao^  QQimsi&snQe  dead 
time  w 5 X 10“3  boo. 

Caption  to  Plrmra  2. 

Absorption  curve a measured  at  the  two  altitudes,, 

For  the  upper  tele&Qop©  the  thicknesses  of  load 
ar©  in  @«mh  cage?  24  mas  greater  than  e,r©  rseordod  by 

the  alj  ft-?  Isaac  of  the  aunr'*£« 

k* oxx  to  i*4i© c O/ yf*ii pi*  e- 

Photograph  of  ©no  of  the  tele  soap©  unit®,,  Theses 
ar®  fou:1’  trays  of  counter  jj  1?  ©cimter*  in  each 
toy,  a saddled  in  a Manner  to  inoraaBQ  tray  effioi-3ney0 
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Bartel  Heaoaroh  foundation  o:f  the  Br&nkXin  Institute 0 
STvarthmox®  „ Penn  iy  Ivan  it?, 


K,  Assisted  by  ths  joint  program  of  the  01IR  and  the  AEG 


Btimkford  Arsenal 
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tcnHSlay  o <?tivtty  in  tin  ha©  bean  &&n&gaw\‘  s to 


SkT^o  Speotrmaotri©  ma^awcsmsat^’ f imvo  yisldQd  n&zftzum 
beta -ray  encrgirs®  o.f  g031  ^ Q«>82  M-dv  end  0o40  J:  0^01  Uqv- 
The  spectrum  of  lower  energy  was  estimated  to  contain  five 
percent  of  the  total  betn  reflation o A search  was  mad®  for 


the  gamma  radiation  which  should  accompany  the  beta  rays  of 
the  inner  group,,  but  because  of  low  intensity p none  m\a  de- 
tected by  the  spectrometries  method 0 It  was  mentioned p how- 
ever,, that  absorption  measurements  in  lets i{  Indicated  the 
"possible  presence”  of  a gamma  ray  at  3U2  Mevc 

During  the  past  four  years p four  different  quantities 

*j> 

of  metallic  tinf  two  Isotapi-isally  concentrated  in  Sw^  1 and 
two  of  naturally  occurring  tinp  haw  been  irradiated  in  the 
Oak  Ridge  pi 1*  & The  following  chemical  procedure  haa  been 


Irradiated  metallic  tin 


was  dissolved  in  HOI  and 


carrier,,  Sb  and  Ta  solution©  were  added o Metallic  Te  precipita- 
ted at  cnceB  and  Sb  was  precipitated  a®  a metal  by  -addition  of 
powdered  Pe  to  the  hot  6N  * HOI  solution o S)s  ©sd  seas  F©  were 
precipitated  from  the  filtrate  by  addition  of  metallic  sinco 
This  precipitate  was  dissolved  by  HCi„  oxidised  with  B9O^0 
and  Sn  and  P@  were  separated  by  addition  of  it®. OH  to  excess 
to  form  soluble  NttgS»0«  and  insoluble  F@(OH)^o  Th©  filtr&t® 
wa®  acidified  wit  Si  HCXP  then  made  slightly  ammonjacalp  pre- 
cipitating SnQ^xH*,©  which  ?ses  Ignited  to  Sn0tf,o 


*•» 


A gamkVA  soy  at  loY  I-iev  was  anted  in  tna  tin 
In  1948  but  wao  digjftis'.ie-l  at  tho  Intones-  hard  gamma  my  >£ 
Sfe‘jW'  o Mora  ¥fe«-3h-tly  thia  gamma  ray  has  been  ©bservsd  i-.i  si 
coincidence  absorption  counting  arrangement e-  and  th®  i03.itua 
energy  has  been  measured  aid  JU67  * 0oJ0  ilav o This  eoinci- 
dense  absorption  rito  of  tl.o  secondary  electron  a of  the 
gamma  ray  was  observed  ropectedly  for  forty  days,,  and  th® 
ordinate  values  war a observer!  to  decay  with  a half-life  of 
t©n  ,day®c 

A source  of  the  tea  *&ay  tin  was  placed  in  a beta-gaiam®, 
coincidence  counting  arrangonant,  and  bata-gamiM*.  ooinoidonoe* 
were  meaaured  as  a function  of  aluminum  aibsorber  thickness 
before  the  beta-ray  counter.-  The  data  are  shown  1m  Figure  1 
where  the  bota -gamma  ooinaidonoa  rata  is  seen  to  deoroas©  t@ 
saro  at  180  og/em  of  altjMai»tua0  indicating  an  imier  beta -ray 
group  at  ^*w80o5  On  calibration  of  the  bets -gamma 

coincidence  counting  arrangement  with  th*  beta -gamma 

' /i  if 

©oinoidtnoe  rat©  of  S«r  the  beta-gamma  coincidence  rat©  ©f 

Figure  1 indicated 9 on  extrapolation  to  s»r©  absorber  thick- 

mbs 9 that  the  gamma  ray  at  Xc-67  K©v  is  coincident  with 

10  ♦ 2 peroant  of  th®  bet®  rays  of  the  10-day  S»^**n 

4 ? 

Measurements  by  Boyd  ar.d  associates  at  Gek  Ridg'Sp 
employing  a se  inti  Hat  ion  sj  fi©tr&ro«»ter9  field,  a quantum 
energy  of  r\-J  5 e$>  M©v  for  thin  gamma  rsy<- 


J.  Oo  Lm  a id  T/i,  L<,  ioH.,  Ph*£u  H-Wo  76,  605  (1949). 

H0  It.  H ay^ard „ Payee  Hoy0  79  9 409  (1950)o 

X sot opt sally  rsonQan'&jtcatod  Sn  supplied  fey  Y-ll  Rtsaaroh 
laboratory,,  Carbide  and  Carbon  Chemical®  Division 0 Union 
Carbide  and  Carbon  Corporation,,  Oak  Ridg©9  S«nn®es«^o 

Kuo  leer  Data,  Supp  ? 2 t®  KBS  Oirov.lar  499  o 


Figure  1 ® Bata^gamma  ■solnoideno©  rata  of  as  « 

funtrfclon  of  the  surf  as©  density  of  aluminum 
before  the  bfita^ray  oountero 
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A Radiofrequency  Ion  Source* 

C.  P.  Swann  and  J.  F.  Swingle,  jr.  f 

Harlot  Research  Foundation  of  the  Franklin  Institute,  Swarthmorc,  Pennsylvania 
(Received  August  13,  1952) 

An  rf  ion  source  with  transverse  magnetic  field  giving  50  /*a  of  resolved  protons  with  a gas  flow  of  less  than 
1 cc  per  hour  and  with  a power  input  of  150  w is  described.  The  effect  of  magnetic  field  upon  power  require- 
ments is  discussed. 

With  increased  gas  flow  resolved  currents  in  excess  of  100  jua  of  protons  have  been  obtained. 


TT  was  decided  to  undertake*  for  the  Bartol  Van  de 
A Graaff  generators,  the  construction  of  an  ion  sour:e 
which  meets  the  following  requirements:  a proton 
current,  continuously  variable  up  to  40  Ma;  a gas  flow  of 
less  than  1 cc  of  gas  per  hour  as  measured  at  atmospheric 
pressure;  a reasonable  efficiency;  and  a low  power 
consumption.  We  have  defined  efficiency  in  this  case 
as  the  ratio  of  proton  current  to  total  ion  current  in 
the  resultant  beam.  Many  ion  sources  are  described  in 
the  literature,1*2  but  none  of  them  incorporate  all  of 
these  features.J  An  rf  ion  source  using  a probe-cathode 
scheme  devised  by  D.  Ralph3  was  decided  upon.  This 
ion  source  operated  at  10  Mc/sec  and  produced  about 
100/ja  total  ion  current,  but  the  gas  flow  was  about  8 
cc/hr  and  the  power  input  to  the  oscillator  was  about 
300  w,  both  of  which  we  considered  excessive  for  our 
needs. 

It  was  observed  during  initial  tests  that  a small  trans- 
verse magnetic  field  produced  by  a magnetron  type 
permanent  magnet  caused  large  increases  in  the  magni- 
tude of  the  arc  discharge  when  the  magnetic  field  was 
adjusted  to  the  proper  value.  Axial  magnetic  fields  have 
been  employed  in  many  sources.1'*2  However,  at  the 
frequencies  and  pressures  we  tried,  we  did  not  observe 
the  effect  for  an  axial  field. 

Whpn  tbp  mflcmpfir  fipld  is  riRmpndinila.r  to  the  axis 

' ' • O 1 1 

of  the  source,  the  axial  ac  electric  field,  when  of  suitable 
frequency,  cooperates  with  the  magnetic  field  in  such 
a way  that  an  electron  receives  energy  in  both  the 
upward  and  downward  path  of  each  cycle  while  it 
describes  a spiral  orbit  in  the  plane  containing  the  axis 
of  the  ion  source.  The  necessary  frequency,  of  course, 
corresponds  to  a cyclotron  frequency  as  first  recognized 
by  Hall.1  At  the  frequency  now  used  of  25  Mc/sec,  the 
value  of  B calculated  for  this  cyclotron  frequency  is 
approximately  9 gauss  which  agrees  well  with  the 
measured  value. 

Theory  indicates  that,  for  resonance  at  the  cyclotron 


* Assisted  by  the  joint  program  of  the  ONR  and  the  A EC. 
t Now  at  the  University  of  Virginia. 

1 R,  N.  Hall,  Rev,  Sci.  Iiistr.  19,  905  (1948). 

2 Bailey,  Drulrey,  and  Oppenheimer,  Rev.  Sci.  Instr.  20,  189 
(1949), 

t Note  added  in  proof:  A description  of  the  high  efficiency  Oak 
Ridge  ion  source  was  recently  published  by  Moak,  Reese,  and 
Good,  Nucleonics  9,  18  (1951)  shortly  after  completion  of  the 
source  here  discussed. 

3 I>r  Ralph,  private  communications. 


frequency  and  with  neglect  of  damping,  an  electron 
starting  from  rest  describes  a spiral  path  whose  radius 
ve:tor  from  the  origin  is  proportional  to  the  electric 
field  and  inversely  proportional  to  the  square  of  the 
cyclotron  frequency  at  any  time  in  terms  of  the  cyclo- 
tron period  as  the  unit  of  time.  If  the  electric  field  were 
given  by  the  electric  field  of  the  rf  coil  operating  in  a vac- 
uum, it  would  amount  to  about  100  v/cm,  and  with  such 
a field  the  electrons  in  our  apparatus  would  strike  the 
glass  vessel  in  a fraction  of  a cycle.  However,  the  nature 
of  the  electric  discharge  in  a gas  is  such  as  to  result  in  a 
field  which,  in  the  main  body  of  the  gas,  is  much  smaller 
than  the  average  field  and,  indeed,  of  the  order  of  10  or 
20  v/cm.  With  a field  of  10  v/cm,  we  should  expect 
that  a mean  free  path  of  the  order  of  1 cm  would  be 
necessary  to  initiate  ionization.  Experiment  showed  that 
the  discharge  became  initiated  at  a pressure  of  the 
order  of  10~2  mm,  at  which  pressure  the  mean  free  path 
of  a gas  molecule  would  be  of  the  order  of  1 cm  and  that 
of  an  electron  somewhat  greater.  There  is,  thus,  harmony 
between  the  magnitudes  concerned  and  the  fact  that 
the  discharge  becomes  initiated  at  about  10~2  mm,  with 
an  electric  fieid  of  the  order  of  10  or  20  v/cm,  which 
would  permit  the  spiral  path  to  develop  within  the  con- 
fines of  the  tube  to  such  an  extent  as  to  enhance  the 
total  ionization  appreciably. 

Experiment  shows  that  when  the  pressure  is  reduced 
to  the  point  at  which  the  magnetic  field  is  operative  in 
increasing  the  total  ionization,  the  amount  of  power 
necessary  to  produce  an  assigned  amount  of  ionization 
is  less  than  when  the  conditions  are  such  that  the 
magnetic  field  is  not  operative. 

As  has  been  mentioned,  the  magnetic  field  is  obtained 
from  a magnetron  type  permanent  magnet,  or  from  clus- 
ters of  small  magnets  as  pointed  out  later.  The  field 
strength  was  measured  as  a function  of  distance  from 
the  axis  of  the  pole  pieces.  The  magnet  was  then  posi- 
tioned for  maximum  intensity  of  the  ion  source  discharge. 

As  the  static  magnetic  field  was  increased  from  zero,  a 
very  definite  change  in  color  of  the  discharge  was 
observed,  namely,  light  blue  to  a bright  red.  Spectro- 
scopic analysis  of  the  discharge  shows  bright  and  clear 
Balmer  lines  with  little  band  structure  when  the  arc  is 
red.  The  magnetic  field  could  be  varied  through  several 
gauss  once  the  bright  red  discharge  was  initiated; 
however,  a definite  maximum  of  current  was  detected. 
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Of  course,  file  positive  ions  which  result  from  the 
itmiziiig  cirliun  of  the  elct/uoiiK  «uc  carried  uOVVii  i >y  C\ 
superimposed  steady  electric  field,  and  their  large  mass 
prevents  them  from  being  affected  hy  the  magnetic 
field.  This  electric  held  is  created  hy  a probe  inserted  in 
the  top  of  the  glass  vessel. 

The  total  ionization  current  resulting  from  the  action 
of  the  electrons  was  measured  by  means  of  the  probe 
which  was  kept  at  a potential  of  2 to  S kv.  It  was  of 
interest  to  compare  this  current  with  the  power  supplied 
to  the  rf  oscillator.  It  was  found,  as  was  expected,  that 
the  ionization  current  increased  with  increase  of  power 
supplied  to  the  oscillator,  as  reflected  in  a larger  alternat- 
ing electric  field.  However,  for  any  given  power  supplied, 
the  total  ionization  current  was  increased  by  the 
application  of  a magnetic  field  adjusted  to  the  proper 
value.  The  results  in  this  connection  are  shown  in  Fig.  1 . 
The  slope  of  the  graph  with  the  magnetic  field  is  approxi- 
mately 40  w/ma  and  without  it  approximately  100 
w/ma,  the  graphs  being  linear. 

Of  course,  we  are  really  concerned  with  the  currents 
which  pass  through  the  hole  in  the  cathode.  This  current 
was  measured  in  the  following  manner.  The  beam,  after 
traveling  along  the  axis  of  the  apparatus,  struck  a 
plate.  It  was  possible  to  deflect  it  by  a magnetic  field, 
and  this  resulted  in  a separation  into  its  various  com- 
ponents, the  proton  component  being  deflected  to  the 
greatest  extent.  Off  the  axis  of  the  undeflected  beam, 
there  was  a slit,  and  the  magnetic  field  could  be  adjusted 
to  deflect  either  the  proton  component  or  any  of  the 
others  in  such  a manner  as  to  pass  through  this  slit  and 
become  measured  by  a suitable  collecting  electrode 
which  was  placed  below  it.  The  usuai  precautions  to 
avoid  measurement  of  secondaries  were,  of  course, 
adopted. 


RF  POWER  (WATTS) 

Fig.  1.  Rf  power  as  a function  of  probe  current  with  and 
without  transverse  magnetic  neki. 


Fig.,  2.  Positive  ion  efficiency  as  a function  of  rf  power 
with  transverse  magnetic  field. 


It  was  found  that  proton  currents  of  over  100  g a were 
obtainable  through  an  exit  hole  from  the  ion  source 
having  a diameter  of  0.040  in.  and  a length  of  0,1.20  in., 
the  gas  flow  being  about  8 cc/hr.  Proton  currents  up  to 
50  were  still  obtainable  through  an  exit  hole  having 
a diameter  of  0.020  in,  and  a length  of  0.120  in.,  the 
gas  flow  being  reduced  to  between  0.4  cc  and  1 cc/hr. 

By  the  foregoing  procedures,  it  was  possible  to 
measure  what  we  have  defined  as  the  efficiency  and  to 
plot  it  against  the  rf  power,  the  magnetic  field  adjusted 
to  the  cyclotron  f requency  being,  of  course,  in  operation. 
Figure  2 shows  the  results.  It  will  be  seen  that  when  the 
power  was  100  w,  the  efficiency  was  close  to  the 
extrapolated  maximu  m . 

The  efficiency  was  found  to  vary  with  the  surface 
temperature  of  the  glass  vessel  in  which  the  ionization 
occurred  (decreased  temperature,  increased  efficiency) 
and  with  the  length  of  time  run.  This  phenomenon  may 
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walls  of  the  vessel.  After  several  hours  of  operation*  the 
efficiency  rose  to  80  percent  at  100  w input. 

The  focusing  of  the  beam  was  accomplished  by  the 
use  of  coaxial  cylinders  operating  at  potentials  of  5 kv, 
25  kv,  and  50  kv,  respectively,  the  intermediate  voltage 
being  the  half  voltage  tap  on  the  50  kv  supply.  These 
cylinders  focused  the  beam  to  a spot  ^ in.  in  diameter 
at  a distance  of  5 ft.  The  first  focusing  electrode  collected 
10  .ua.  the  current  to  the  remainder  of  the  electrodes 
being  negligible.  Total  power  input  to  the  unit  including 
probe  supply,  oscillator  supply,  focusing  supplies,  and 
palladium  leak  was  500  w,  the  power  being  obtained 
from  a l4Chv,  400-cy  generator. 


DESIGN 

The  ion  source  and  lens  assembly  are  shown  in  Fig.  3. 
The  cathode-shield  scheme  is  much  the  same  as  is 
suggested  by  D.  Ralph.  The  Lavite  piece  serves  the 
following  purpose.  In  the  absence  of  this  element,  the 
positive  ions  generated  in  the  upper  chamber  would  be 
brought  down  by  the  field  and  deposited,  for  the  most 
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Fig.  3.  Schematic  diagram  of  the  rf  ion  source  and  focusing 
electrodes.  The  direction  of  the  magnetic  field  is  shown  by  the 
arrows. 


chamber.  The  Lavite,  being  an  insulator,  becomes 
charged  by  the  arrival  of  the  positive  ions  in  such  a 
manner  as  to  discourage  further  arrival  of  these  ions. 
As  a result,  more  positive  ions  are  rendered  available 
for  passage  through  the  aperture  at  the  center  of  the 
shield.  The  hole  in  this  aperture  is  0.120  in.  in  diameter, 
and  its  length  is  0.120  in.  The  holes  in  both  the  shield 
and  the  anode  should  be  concentric  and  straight. 
Furthermore,  the  probe  supply  must  be  current  limited 
for,  otherwise,  surges  are  apt  to  take  place  which  may 
crack  the  Lavite. 

The  magnet  assembly  is  supported  with  its  field 
perpendicular  to  the  axis  of  the  ion  source.  The  support 
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zontal  positioning  of  the  magnet.  The  source  is  then 
tuned  by  adjusting  the  position  of  the  magnet  to 
obtain  maximum  power  as  observed  by  noting  the 
current  drawn  from  the  oscillator  power  supply. 

The  whole  assembly  was  designed  for  ease  of  construc- 
tion and  assembly.  Accurate  glass  blowing  has  been 
eliminated  in  favor  of  machined  parts.  Furthermore, 
■any  one  component  may  be  changed  without  necessarily 
affecting  the  other  components;  thus,  anodes  with  differ- 
ent size  holes  may  be  used  in  the  same  source  and 
damaged  or  worn  out  parts  may  be  replaced.  Since  the 
focusing  lenses  are  integral  with  the  source  itself,  the 
matter  of  alignment  and  installation  is  a simple  process. 
The  whole  unit  can  be  tested  on  a bench  set-up  prior  to 
installation  in  the  generator. 

The  tests  on  this  ion  source  were  performed  on  a bench 
which  consists  of  four  porcelains  which  serve  both  to 
insulate  the  ion  source,  which  was  run  hot,  from  ground 
and  to  provide  a means  for  taking  into  the  vacuum  the 


intermediate  focusing  voltage.  After  passing  the  last 
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collector. 

Following  these  tests  a similar  source  was  installed  in 
the  test  section  of  the  new  Bartol  Van  de  Graaff  gener- 
ator. The  beam  in  this  section  passed  through  about 
seventeen  feet,  seven  feet  of  which  was  the  accelerating 
tube.  Voltages  up  to  about  2 Mev  were  reached  to 
determine  the  effect  with  and  without  the  beam. 

The  ion  source  arrangement  used  here  was  only 
slightly  different  from  that  described  above.  Two  sets 
of  three  small  permanent  magnets  were  used  instead 
of  one  magnetron  type  magnet,  these  magnets  being 
placed  180°  from  each  other  around  the  ion  source 
vessel.  Also  a steel  cathode  assembly  replaced  the 
aluminum  assembly  shown  in  Fig.  3.  The  former  change 
was  made  because  of  space  limitations;  the  latter  change 
was  made  to  withstand  the  tank  pressure  in  case  the 
ion  source  vessel  broke  and  also  to  shield  the  beam  of 
particles  passing  through  the  cathode  from  the  mag- 
netic field. 

A total  beam  current  of  over  SO  jLta  has  been  obtained 
from  this  source  with  about  0.S  cc  of  gas  per  hour  and 
about  85  w input  to  the  oscillator.  The  beam  is  well 
focused  into  a spot  of  about  ^ in.  The  focusing  scheme 
is  the  same  as  that  used  on  the  bench  set-up;  that  is, 
there  are  two  supplies,  one  variable  up  to  10  kv,  and  the 
other  variable  up  to  50  kv,  the  intermediate  electrode 
potential  being  a half -voltage  tap  on  the  50-kv  supply. 
As  yet  the  beam  has  nc  been  analyzed  to  determine 
the  proton  efficiency.  The  beam  current  is  reduced  by 
reducing  the  power  input,  but,  of  course,  this  means 
lower  efficiency  as  indicated  in  Fig.  2, 


CONCLUSION 
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well  over  100  hrs.  During  this  time,  one  glass  vessel 
cracked  when  the  rf  coil  came  in  contact  with  the  glass, 
causing  local  stresses  due  to  heat,  and  two  Lavite 
shields  cracked,  one  as  a result  of  not  limiting  the  probe 
current,  the  other  as  a result  of  expansion.  In  other 
words,  although  the  cathode  should  fit  fairly  well  into  the 
shield,  the  relative  expansion  of  aluminum  and  Lavite 
should  be  considered.  For  high  pressure  machines  the 
glass  jar  should  be  as  round  as  possible  and  the  glass 
thickness  as  great  as  possible  to  avoid  collapsing.  The 
source  in  the  Van  de  Graaff  generator  has  been  operated 
for  well  over  50  hr  without  any  failures.  Further  studies 
should  be  made  in  order  to  obtain  beam  currents  of  the 
order  of  one  ma,  and  this  can  probably  be  done  by 
revising  the  cathode-shield  geometry. 

The  writers  wish  to  acknowledge  the  continued  inter- 
est of  the  Director  of  the  Bartol  Research  Foundation, 
Dr.  W.  F.  G.  Swann. 


Reprinted  from  Joiirnai.  ok  tiik  Fkamkmn  Instititk, 

Vol.  254,  No.  2.  A lift  list,  1952 
Printed  in  l).  S.  A. 


A CIRCUIT  FOR  THE  LIMITATION  OF  DISCHARGE 
IH  G~M  COUNTERS  • 
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ABSTRACT 

A sample  ?wo  tube  feedback  arrangement  Ut  Hunt  the  di^barge  in  a counter  tu 
a small  segment  of  its  length  subsequently  r^toring  a l!  but  a small  portion  of  the 
tube  to  full  sensitivity  in  alwmt  a microsecond,  has  liectt  achieved.  The  procedure 
results  in  a marked  reduction  in  dead- time,  and  a correspondingly  large  increase  in 
life.  For  example,  a 20-ciii.  counter  may  Ik?  operated  at  a rate  of  20,000  counts  per 
second  with  a loss  no  greater  than  that  normally  eurountered  at  1000  counts  per 
second.  Counting  rate  data  are  given  along  with  studies  of  the  discharge  distribution 
with  and  without  the  cutoff  procedure.  Alteration  in  the  dead-time  picture  is 
illustrated  by  oscillograms. 

INTRODUCTION 

As  conventionally  used,  the  discharge  in  a G-M  counter  spreads, 
from  one  or  more  points,  over  the  entire  length  of  the  wire.  Sub- 
sequently, the  tube  remains  unresponsive  to  radiation  until  such  time 
as  the  positive  ion  sheath,  in  its  motion  toward  the  cathode,  permits 
a restoration  of  the  starting  field.  This  “dead-time,”  which  frequently 
is  as  long  as  one  hundred  microseconds,  very  seriously  limits  all  ap- 
plications wherein  a counter  must  lx?  used  at  high  rates.  The  (lead- 
time  is  particularly  serious  in  coincidence  operation  where  the  large 
collecting  surface  of  long  counters  is  required  but  an  intense  back- 
ground field  is  unavoidable.  Following  the  fundamental  work  of 
Simpson  (l)2  numerous  investigators  (2-5)  have  succeeded  in  reducing 
this  limitation.  However,  it  continues  to  be  one  of  the  problems 
associated  with  this  versatile  instrument,  i in*  procedure  to  ix?  dis- 
cussed here  greatly  increases  the  rate  at  which  a counter  may  be 
operated  without  loss  and  achieves  an  equally  great  increase  in  tube 
life.  The  increase  in  rate  and  life  both  depend  upon  tube  length. 
Thus  for  a given  percentage  loss,  a 40-cm.  counter  can  be  operated  at 
forty  times  its  usual  rate,  while  a factor  of  twenty  is  possible  with  a 
20-cm.  tube. 

Fortunately  the  circuit  is  quite  simple.  It  can  be  made  very 
compact  and  does  not  lead  to  geometrical  complications  as  when  a 
.lumber  of  tubes  are  to  be  used  in  coincidence. 

Studies  were  made  with  numerous  counters  at  this  laboratory  and 
the  circuit  operated  satisfactorily  with  all  of  them. 

Although  with  a multiple  tulx?  circuit  operating  on  the  same  prin- 
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I'iple  much  higher  overvoltages  arc  possible,  simplicity  is  lost.  The 
slight  gain  in  efficiency  with  marked  reduction  of  counter  life  hardly 
justifies  a complexity  which  discourages  use.  Such  a procedure  after- 
test  was  abandoned  in  favor  of  the  simple  arrangement  discussed  here. 


tub  cur-or?  circuit 

The  main  circuit  shown  in  Fig.  1 is  lalreied  Cut-Off  Circuit.  It  is 
accompanied  by  two  subsidiary  circuits  lalndcd,  respectively,  Viewing 
Circuit  and  Rate-Measuring  Circuit.  These  subsidiary  circuits  serve 
the  purpose  of  facilitating  the  study  of  the  cut-off  circuit.  The  cut-off 
circuit  itself  is  coupled  directly  to  the  wire  of  the  counter.  Since  the 
high  potential  is  applied  to  the  cylinder  of  the  counter  at  the  point  A , 
the  cut-off  circuit  is  at  norma!  voitage  levels. 


cut-off  circuit 


All  tubes  are  6AKS\  and  alt  unlabeled  by-pa rj  condensers  are  0.0025  microfarads. 

f\  - MW  O - O.I#*f  Ci  - 400#*/  C,  - 4000#*/  (\  - 1.0 ##f  5ft  - 1800 

Rt  - 2700  Ri  - 2200  Rt  - 1000  Rt  - JJOO  Re  - 47.000  Ri  m 100.000 


When  an  ionizing  particle  passes  through  the  counter,  it  starts  the 
normal  spreading  process  down  the  wire  from  which  we  obtain  the 
“electron  component”  (6,  7)  necessary  to  actuate  the  circuit.  When 
the  voitage  pulse  appearing  across  Ri  is  approximately  0.2  volts,  it  is 
amplified  enough  in  7\  to  cause  the  grid  of  T%  to  come  from  below  cut-off 
bias;  hence,  the  plate  current  of  7%  adds  to  the  voltage  drop  of  Rx — a 
cumulative  action  which  proceeds  until  7\  is  cut  off.  The  grid  of  Tt 
starts  to  recover  rapidly  by  virtue  of  the  short  time  constant  determined 
by  C j,  Ri.  Ri  and  the  input  impedance  of  T a.  As  the  grid  of  Ts  recovers, 
the  plate  current  of  T2  decreases  until  the  voltage  drop  across  R%  is 
less  than  the  cut-off  bias  of  7\.  The  resulting  negative  pulse  on  the 
plate  of  T i abruptly  returns  the  grid  of  T 2 below  its  cut-off  value.  The 
time  required  for  an  entire  cycle  of  the  circuit  operation  is  approximately 


Fin.  2. — Presentation  of  deadlines. 


(а)  Norma!  counter  discharge. 

(б)  Same  counter  discharge  with  cut-off  circuit  operating.  Only  saturated  ;ml?e  bottoms  are  visible  in  (ft). 

connections  were  soldered  directly  to  the  tube  pins.  T\  and  T%  were 
chosen  so  that  with  plate  voltage  = 45V,  screen  grid  voltage  — 67.5V, 
and  control  grid  voltage  = — 5,0V,  the  plate  current  was  less  than 
0.2  fi(i.  However,  in  the  actual  circuit,  these  values  were  increased. 

The  circuit  output  pulses  were  found  to  be  uniform  in  shape  and 
amplitude  up  to  the  highest  rates  encountered— -2  X 106  counts  per 
second.  However,  at  very  high  rates  of  counting,  resistor  R$  should 
be  short-circuited  so  that  the  potential  across  the  counter  remains 
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constant.  No  alteration  m size  or  shape  of  the  pulses  was  observed 
over  the  operating  range  of  counter  voltages  used  front  six  to  thirty 
volts  above  the  starting  potential.  In  virtue  of  this  fact,  the  pulses 
appearing  across  R 1 may  be  applied  to  a rati*  measuring  circuit  con- 
sisting of  T%  and  T 4.  The  current  through  meter  M served  as  a rate 
indicator.  Obviously,  at  the  higher  rates,  tin*  fluctuations  in  Af  were 
quite  small.  The  resistor  Rt>  was  added  so  that  the  plate  pulse  of  7\ 
would  trigger  a scaler  directly  for  calibrating  purposes. 

Figure  2 shows  the  results  of  the  method  used  to  find  the  dead-time. 
The  method,  due  to  Stever  (8),  consists  of  triggering  an  oscilloscope 
sweep  by  a counter  pulse,  delaying  the  pulse  so  that  it  can  Ik?  seen  at  a 
fixed  jjosition  near  the  l>eginning  of  the  sweep,  and  observing  any  other 
pulses  which  occur  in  the  interval  of  the  time  base.  A triggered 
oscilloscope  connected  at  ix>int  C (Fig.  1)  was  used  for  these?  presenta- 
tions. Photons  were  used  to  initiate  the  pulses.  It  should  be  noted 
that  these  photographs  arc  time  exposures  so  that  a large  num!>er  of 
triggering  pulses  are  su|H'rposed  at  the  left  end  of  the  time  base;  whereas 
subsequent  individual  pulses  occur  at  random  and  appear  less  intense 
in  the  photograph.  The  same  counter  was  used  for  Ixith  presentations 
of  Fig.  2. 

In  the  upper  photograph  no  pulses  appear  until  after  approximately 
45  microseconds  have  elapsed*  since  the  beginning  of  the  t rigger ng 
pulse.  After  this  time,  the  pulse  height  is  dependent  upon  the  time 
since  the  triggering  pulse  has  occurred.  The  manner  of  build-up  of 
pulse  sizes  in  this  region  can  be  correlated  to  the  motion  of  the  positive 
ion  sheath  in  the  counter  after  the  discharge.  Although  the  potential 
of  the  wire  is  returned  to  normal  in  a short  time,  the  electric  field  is 
still  lieing  partially  controlled  by  the  ion  sheath. 
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With  the  circuit  in.  operation,  no 


pulses  were  observed  in  the  first  1.5  microsecond  interval.  After  this 
time  pulses  appear,  anti  any  pulse  appearing  on  the  time  base  is  identical 
in  size  and  shape  with  the  pulse  which  triggered  the  sweep.4  Since  the 
cut-off  circuit  limits  the  spreading  to  a short  segment  of  the  counter 
length,  positive  ions  are  present  only  in  the  vicinity  of  this  discharged 
region.  When  the  circuit  returns  the  potential  of  the  counter  to  its 
normal  value,  the  electric  field  near  the  wire  is  returned  to  normal  also, 
except  for  the  short  segment  used  in  the  previous  discharge. 

The  auxiliary  viewing  circuit  connected  to  the  counter  cathode  is 
designed  in  such  a way  that  the  pulses  at  point  B (Fig.  1)  are  pro- 
portional to  the  number  of  positive  ions  evolved  in  the  counter  discharge. 
The  ratio  of  the  pulse  heights  observed  at  B with  and  without  the 


1 The  vertical  descents*  of  the  pulse  traces  are  invisible  on  the  photograph  on  account  of 
the  rapidity  of  the  sweep. 

* Again,  on  account  of  the  rapidity  of  the  sweep,  only  the  lower  parts  of  the  pulses  are 
represented.  They  correspond  to  the  thickenings  on  the  faint,  approximately  horizontal  line. 


Fig.  3. — Observations  from  cylinder  of  counter. 


(а)  Normal  discharge  from  phmona. 

(б)  Discharge  from  photons  with  cut  off  circuit  operating. 

(c)  Discharge  from  3-rays  at  aide  window  of  counter  with  c«l-oS  circuit  operating. 
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circuit  in  operation  (Fig.  3a,  b)  indicates  that  the  circuit  limited  the 
spreading  of  the  discharge  to  1/20  of  the  length  of  the  counter  or  ap- 
proximately 1 cm.  If  two  centers  separated  by  more  than  1 cm.  are 
formed  by  an  ionizing  particle,  a pulse  larger  than  a single  center  pulse 
may  be  produced,  in  Fig.  3c,  /3-rays  were  sent  in  through  a side 
window  in  the  counter  and  scattered  /S-rays  produced  some  of  these 
multiple  centers.  The  effect  of  more  starting  centers  (or  multiple 
centers)  is  shown  more  clearly  in  Fig.  3d,  where  the  /3-rays  were  admitted 
through  an  end  window. 


INVESTIGATION  OF  EXTENT  OF  SPREADING 

In  order  to  check  the  previous  assumption  that  the  spreading  process 
was  limited  to  approximately  1 cm.  of  length,  a special  counter  with 
the  cathode  split  into  a number  of  individual  cylindrical  segments  was 
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PULSE  HEIGHT  - COULOMBS  X 10" 

Fig.  4, — Pulse  hriKht  distributions  from  cat boric  segments  along  the  counter  length  showing 

the  effect  of  the  cut-off  circuit. 

used  (Fig.  4).  Opposite  to  segment  A was  a thin  window  which 
admitted  photons  so  that  a single-centered  discharge  always  started 
in  the  vicinity  of  segment  A;  hence,  the  spreading  started  from  this 
region.  The  experiment  consisted  of  measuring  the  distribution  of 
pulse  heights  on  different  segments  under  two  conditions:  with  and 
without  the  cut-off  circuit.  The  results  of  these  tests  are  shown  in 
Fig.  4.  Without  the  circuit,  the  pulses  appearing  on  segment  B are 
about  twice  as  large  as  those  on  segment  A , as  may  lie  seen  from  the 
plain  block  pulse  height  distribution.  This  is  to  lie  expected  fro  n the 
relative  lengths  of  the  two  segments  (10  mm.  and  5 nun.,  respectively). 
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Segments  C throng!'.  K had  disti  l!  nit  ion  carves,  wit! unit:  the  circuit 
operating,  similar  to  that  shown  for  segment  B. 

With  the  rimiit  in  operation,  the  pulse-height  distributions  on  all 
segments  of  the  counter  art*  markedly  changed.  While  the  counting 
rate  of  segment  A remained  unchanged,  that  of  segment  B was  red  nets  1 
by  approximately  25  per  cent  and  that  (if  segment  ('  by  more  than  99 
per  cent  of  the  “no-circuit*’  rate.  This  constitutes  evidence  that  the 
circuit  limits  the  spreading  to  not  more  than  1 cm.  from  the  point  of 
origin  of  the  discharge. 

The  rather  broad  pulse-height  distribution  observed  on  segments 
/I  and  B is  lielieved  to  result  mainly  from  poor  collinmtion  of  the  photon 
beam  rather  than  statistical  lluct nations  in  the  spreading  process  or  in 
the  cut-off  time  of  the  circuit.  Comparison  of  the  shaded  pulse-height 
distributions  observed  on  segments  A and  B (Fig.  4)  indicates  that  the 
average  charge  develop'd  along  the  length  of  segment  B is  much  less 
than  in  A with  the  circuit  in  ojK-ration. 

COUNTING  RATES 

If  N’  is  the  nundier  of  impulses  which  should  Ik;  counted  jht  unit 
time,  and  N is  the  ntimlx'r  actually  counted  per  unit  time,  the  relation 
between  N and  N'  is 

AT--JC--  - 

1+iVV 

where  <r  is  the  dead-time.  The  formula  is  based  upon  the  assumption 
that  the  counter  and  associated  circuit  are  completely  incapable  of 
registering  a count  during  a time  interval  <r  following  each  count,  and 
that  full  efficiency  is  restored  abruptly  at  the  end  of  the  interval  <r. 

In  order  to  obtain  equally  spaced  values  of  N',  five  radioactive 
sources  A,  B,  C,  D,  K were  list'd.  The  plan  was  first  to  find  positions 
for  these  sources  in  which  each  individually  gave  the  same  value  for  iV. 
We  are  then  assured  that  the  use  of  A,  billowed  by  the  use  of  A plus  B, 
followed  by  the  use  of  A plus  B plus  C,  etc.,  provides  successively  equal 
increments  of  N\  If  we  set  Nr  = an  where  n is  the  numlier  of  sources 
irradiating  the  counter,  we  have 

N-  an  (I) 


N 


1 + Nfa  i + ana 


Now  with  source  A alone  in  position,  it  was  found  that  N = 104  cps. 
Hence 


104  = 


« 


1 4*  otcr 

j ** 


a 


10- 


**  Is  may  he  remarked  that  10  1 seconds  is  the  greatest  value  for  <r  consistent  with  the 
measurement  of  10*  counts  per  second. 
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Nmv  Kq.  1 yields 


N 


n 

i)  4 i 0 4 


(2) 


Substitution  of  the  values  a ~ 1,  i()  and  00  m* sec.  into  Kq.  2 yields  the 
set  of  dashed  curves  shown  in  1%.  5.  As  the  theoretical  curves  are 


FiC.  5.— Counting  rate  for  counters  of  various  dead-times  as  a function  of  source  strength. 
A unit  of  source  strength  is  defined  as  that  strength  required  to  give  101  counts  per  second. 

j 

This  unit  of  source  strength  is  given  by  t*  «*  y^,4  — -- . The  AMs  are  experimental  points 
obtained  with  the  cut-off  circuit  operating. 
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counter  would  count  faster  with  a 90  m-hcc.  deed-time  than  with  a 1 n-mn: 
dead-time.  This  apparent  absurdity  arises  from  the  fact  that  the 
method  used  to  normalize  the  theoretical  curves  to  the  experimental  data 
yields  a different  value  of  « for  each  dashed  curve.  The  solid  curve,  which 
tits  the  experimental  data  for  n " 1,  2,  and  3 within  the  statistical 
errors,  is  obtained  by  setting  a » 3.09  p-sec.  The  agreement  of  the  solid 
curve  with  the  experimental  data  is  as  cood  as  might  l>e  expected1  in 

.?  — j T aL„  ? ! — **.,.-1  4 udtt.ih  l^jt  1 iu  oniYlif'iljln  te\  flu*  oVfUiri. 
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mental  conditions. 

EFFICIENCY  AT  LOW  OVERVOLTAGE 

Because  it  has  been  generally  Ix-lieved  that  the  efficiency  of  G-M 
counters  is  low  near  the  starting  voltage,6  and  since  the  present  experi- 
ments were  carried  out  at  relatively  low  overvoltages,  a measurement 
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Fig.  6. — Relative  efficiency  of  counter  vs.  overvoltage. 

of  the  relative  efficiency  of  the  counter  as  a function  of  overvoltage  was 
made  in  a triple  coincidence  arrangement.  The  results  shown  in  Fig. 
6 indicate  no  loss  of  efficiency  at  the  voltages  used  in  these  experiments. 


COUNTER  DESCRIPTIONS 

While  most  of  the  work  reported  here  was  done  with  tubes  20  cm. 
long  and  1 cm.  in  diameter,  studies  included  the  use  of  counters  varying 

s This  value  of  & calculated  from  the  experimental  observations  is  too  large.  The  reason 
for  this  is  that  the  first  source  was  very  near  to  the  counter,  saturating  that  portion  immediately 
adjacent  to  it  and  decreasing  the  effective  length  of  the  counter  for  counting  the  radiations 
from  the  remaining  sources  which  were  placed  at  successively  greater  distances. 

•The  ambiguities  associated  with  the  definition  of  starting  voltage  in  self-quenching 
mixtures  are  now  under  investigation. 
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in  length  from  8 to  40  cm.  and  in  diameter  from  0.9  cm.  to  .5  cm.,  all 
equipped  with  central  wires  0.003  in.  in  diameter.  Cylinders  were 
either  of  copper  0.005  in.  thick,  or,  where  thin  walls  were  desired,  of 
Aquadag  painted  internally  on  glass  walls  of  thickness  0.006  in.  Thin 
windows  were  provided  for  the  transmission  of  light  where  single 
centered  discharges  were  essential,  (las  mixtures  were  either  argon- 
ether  (6.5:1)  at  5.5  cm.  Hg  pressure  or  argon-butane  (6:1)  at  8.5  cm- 
Hg  pressure.  The  circuit  operated  effectively  with  all  of  the  :d*>ve 
counters  without  alteration. 

SUMMARY 

A two  tube  feed-back  circuit,  triggered  a1>out  10"*  seconds  after  the 
initiation  of  the  discharge,  interrupts  the  spreading  process  in  a few 
hundredths  of  a microsecond  by  field  reduction  at  the  wire.  The 
control  circuit  recovers,  restoring  norma!  operating  field  conditions 
except  over  a small  segment  near  the  point  where  the  discharge  started. 
Thus  in  about  a microsecond  most  of  the  counter  is  resensitized,  result- 
ing in  a very  short  dead-time.  The  voltage  pulse  on  the  wire,  although 
triggered  by  the  initial  counter  current,  has  a shape  determined  pre- 
dominately by  the  parameters  of  the  cut-off  circuit  and  hence  all  pulses 
are  equalized. 

Since  the  circuit  limits  the  spreading  of  discharge,  the  number  of 
ion  pairs  formed  in  a discharge  is  decreased,  consequently  the  life  of 
the  counter  is  greatly  increased  (9).  Life  is  further  increased  by 
operating  at  low  overvoltages  for  a similar  reason.  It  should  also  be 
remembered  that  the  velocity  of  propagation  of  discharge  aiong  the 
counter  wire  increases  with  overvoltage  and  hence  a faster  operating 
circuit  capable  of  giving  a larger  reduction  of  field  at  the  wire  of  the 
counter  wouid  be  required  it  higher  overvoltages  are  desired.  However, 
efficiency  measurements  indicate  that  little  is  to  be  gained  at  higher 
overvoltage. 

The  single  and  multiple  center  effects  observed  suggest  that  with 
simple  additional  circuitry  a counter  may  be  rendered  a directional 
radiation  detector,  and  may  also  become  capable  of  discriminating 
between  various  types  of  radiation. 

Rates  up  to  200,000  counts  |>er  second  with  uniform  pulse  output 
have  been  achieved. 
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THE  properties  of  the  17-hr  Zr97  and  of  its  daughter  element, 
the  70-minute  Nb97,  have  been  the  subject  of  considerable 
investigation,1"5  Spectrometric  measurements5  have  yielded  beta* 
ray  energies  of  1.91±0.02  Mev  and  L267±0.02  Mev,  and  gamma- 
ray  energies  of  0.747±0.005  Mev  for  Zr97  and  0.665^0.005  Mev 
for  Nb97.  The  gamma-ray  at  0.747=h0.005  Mev  was  shown  to  be 
emitted  from  an  isomeric  level  in  Nb97  of  half-period  60  sec. 

In  the  present  investigation  Zr9^*  (isotopic  concentration  90 
percent  in  Zr96),  obtained  from  the  F-12  plant,  Carbide  and  Car- 
bon Chemicals  Division,  Union  Carbide  and  Carbon  Corporation, 
Oak  Ridge,  Tennessee,  was  irradiated  by  slow  neutrons  in  the 
Oak  Ridge  pile.  The  radioactive  materials  were  received  within 
twenty-four  hours  after  cessation  of  irradiation  and  chemical 
separations  were  immediately  commenced.  The  slow  neutron  ir- 
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Fig.  1.  Beta-gamma  coincidence  rate  of  NbS7as  a function  of  the  surface 
density  of  aluminum  placed  before  the  beta-ray  counter. 


radiated  zirconium  dioxide  was  dissolved  by  potassium  pyro3ulfate 
fusion,  and  the  separation  of  the  niobium  daughter  activity  from 
zirconium  was  effected  by  the  use  of  Steinberg’s  “oxalate” 
procedure.® 

The  decay  of  Nb97,  freshly  separated  from  its  parent  element, 
was  followed  for  ten  half-periods,  and  the  half-period,  taken  from 
the  slope  of  the  decay  curve  was  found  to  be  72.1  ±0.7  minutes. 
This  value  is  to  be  compared  with  previously  reported  values  of 
68  minutes7  and  75  minutes*  The  decay  of  Zr97  was  followed  for 
200  hours,  and  the  resulting  half-period  was  calculated  to  be 
17.0±0.2  hours,  in  agreement  with  the  earlier  measurements. 

The  beta-rays  of  Nb97,  freshly  separated  from  its  parent  element, 
were  absorbed  in  aluminum,  and  a Feather*  plot  of  the  data  gave 
a maximum  beta- ray  energy  of  1,40  Mev. 

The  beta-gamma  coincidence  rate  of  the  72-minute  NbOT  is 
shown  as  a function  of  absorber  thickness  before  the  beta-ray 
counter  in  Fig.  1.  It  is  seen  to  be  constant,  independent  of  the 
beta-ray  energy,  suggesting  that  the  beta-rav  spectrum  of  Nb97 
is  simple.  Calibration  of  the  beta-gamma  coincidence  counting 
arrangement  by  the  beta-gamma  coincidence  rste  of  Sc4®  showed 
that  each  beta-ray  of  Nb97  is  followed,  on  the  average,  by  0.7  Mev 

c£  gamma- ray  TV.  Fai'h  nnint  nf  Ficr  I wuq  nf  murse  nrnnerlv 

corrected  for  decay  of  ihc  source. 
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Various  properties  of  the  new  group  of  low  energy  primary 
cosmic-ray  particles  (£<1.6  Bev  for  protons''  which  enter  the 
top  of  the  atmosphere  at  geomagnetic  latitudes  north  of  52°  were 
investigated  during  the  summer  of  1950.  Measurements  at  both 
52°N  (Swarthmore,  Pennsylvania)  and  69°N  (Fort  Churchill, 
Manitoba)  were  obtained  with  the  same  quadruple-coincidence 
counter  train?  used  previously,  oriented  either  horizon  tally  or 
vertically,  and  with  pulsed  ionization  chambers  biased  to  detect 
bursts  exceeding  1.0  Po-a. 

No  diurnal  or  temporal  variations  in  the  cosmic-ray  intensity 
were  detected,  and  no  change  between  1949  and  1950  was  indi- 
cated. 


Flights  were  conducted  with  counter  trains  containing  various 
thicknesses  of  interposed  Pb  absurber. 

In  contrast  with  the  46  percent  increase  in  the  vertical  intensity 
between  the  two  stations,  no  latitude  effect  was  revealed  either 
in  the  flux  of  cosmic  rays  traveling  in  the  horizontal  direction  or 
in  the  frequency  of  bursts  detected  by  the  ionization  chambers, 


at  the  highest  attitudes  attaincu  C "" v 1x1111  01  iig;. 

The  data  permit  conclusions  to  be  drawn  regarding  the  hori- 
zontal component,  the  solar  dipole-moment,  the  nature  of  he 
low  energy  spectrum,  as  well  as  nuclear  disintegrations  and 
primary  heavy  nuclei. 


I.  INTRODUCTION 

TT  XPERlMENTS  which  have  revealed  the  presence 
Hr  in  the  primary  cosmic  radiation  of  particles  having 
momenta  below  that  required  for  entrance  at  geomag- 
netic latitude  50°N  have  been  described  previously.1 
The  original  conclusions  were  based  upon  a direct 
comparison,  by  identical  instruments,  of  the  vertical 
cosmic-ray  intensity  near  the  “top  of  the  atmosphere” 
at  Fort  Churchill,  Manitoba  (geomagnetic  latitude 
69°N),  during  the  summer  of  1949  with  that  at  Swarth- 
more,  Pa.  (geomagnetic  latitude  52°N). 

After  it  had  thus  been  established  that  a new  group 
of  particles  was  reaching  the  earth  north  of  the  previ- 
ously-assumed knee  of  the  latitude  effect  which  had 
heretofore  been  attributed  to  a cut  off  imposed  by  the 
magnetic  field  of  the  sun,  it  was  of  interest  further  to 
investigate  certain  other  features  of  these  particles.  In 
particular,  it  was  considered  desirable : 

(a)  to  determine  whether  any  change  nf  condition!; 
such  as  might  be  produced  by  a variable  solar  magnetic 
dipole-moment  had  occurred  subsequent  to  the  initial 
observations ; 

(b)  to  conduct  additional  attempts  to  detect  either 
diurnal  variations  or  short-time  temporal  variations 
(over  a period  of  weeks) ; 

(c)  to  obtain  measurements  of  the  intensity  vs  alti- 
tude curves  with  an  interposed  absorber  of  thickness 
intermediate  between  those  utilized  previously  (4  cm 
of  Pb) ; 


Fig.  1.  Block  diagram  of  circuits  associated  with 
ionization  chamber. 

m Assisted  by  the  joint  program  of  the  ONR  and  AEC. 
1 M.  A.  Pr.^rratit?  Phvs.  Rev.  ?7,  830  (1950). 


(d)  to  compare  the  intensity  in  the  horizontal  direc- 
tion at  69°N  with  that  at  52°N  in  order  to  secure 
additional  information  regarding  the  nature  of  the  new 
group  of  primary  particles  entering  at  the  higher 
latitude; 

(e)  to  observe  the  effect  of  the  new  low  energy  group 
of  primaries  upon  the  rate  of  bursts  produced  within  the 
walls  of  an  ionization  chamber  at  high  altitudes. 

Under  the  sponsorship  of  the  National  Geographic 
Society,  a second  expedition  to  Fort  Churchill,  Mani- 
toba, was  therefore  conducted  during  the  summer  of 
1950.  Two  types  of  instruments,  a burst-detecting  ion- 
ization chamber  and  a quadruple  coincidence  counter 
train,  were  utilized  to  accomplish  the  aforementioned 
objectives. 


H.  EXPERIMENTAL  PROCEDURE 
A.  Ionization  Chamber  Apparatus 


A block  diagram  ot  the  ionization  chamber  and 
associated  circuitry  is  shown  in  Fig.  1.  The  instrument 
functions  as  follows:  Voltage  pulses  produced  in  the 
ionization  chamber  (mainly  by  primary  heavy  nuclei 
and  by  nuclear  disintegrations  occurring  in  the  chamber 
walls)  are  amplified  by  a linear  pulse-amplifier  and  fed 
into  a pulse-height  discriminator.  The  latter  permits 
the  passage  only  of  those  pulses  having  amplitudes 
exceeding  a predetermined  size.  Each  discriminator 
output  pulse  triggers  a keying  univibrator,  thereby 
causing  the  transmitter  to  emit  a 75  megacycle  C.  W. 
signal  for  a period  of  0.06  sec. 

The  telemetering  system  as  well  as  the  method  for 
the  determination  of  atmospheric  pressure  and  temper- 
ature within  the  gondola  during  the  batloun  flights 
have  already  been  described  in  detail  elsewhere.2 

The  ionization  chamber  (Fig.  2)  is  composed  essen- 
tially of  an  outer  cylindrical  pressure  vessel,  a concentric 
cylindrical  cathode,  and  a central  electron-collecting 
wire.  The  cathode,  which  operates  at  a potential  of 


2 M.  A.  PosnerERtz,  Electronics  88  (1951). 
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-*-300  v relative  to  the  wire,  is  closed  at  the  ends  by 
copper  guard  disks  having  inch  center  holes  to  pass 
the  collector  wire.  The  collector  connects  directly  to 
the  first  grid  of  the  linear  amplifier  and  is  maintained 
at  dc  ground  potential  by  means  of  a i03-ohm  grid-leak 
resistance.  To  eliminate  the  possibility  of  leakage  from 
the  high  voltage  cathode  tc  the  collector  wire,  the 
insulators  supporting  the  wire  are  mounted  on  the 
grounded  outer  case. 

in  all  measurements  made  to  date,  the  chambers 
have  been  filled  with  5 atmospheres  of  tank  argon  rated 
99.9  percent  pure.  Before  assembly,  the  internal  parts 
are  cleaned  with  an  acid  rinse,  and  immediately  alter 
the  soldering  operation,  the  chambers  are  evacuated 
for  24  hours  while  being  maintained  by  an  oven  at  a 
temperature  of  125°C.  The  outgassing  and  filling  pro- 
cedures are  accomplished  on  a special  pressure-vacuum 
system,  which  permits  both  operations  to  be  performed 
without  the  intervening  admission  of  air  into  the 
chamber.  A pressure  gauge  mounted  permanently  on 
each  ion  chamber  permits  the  detection  of  leaks  which 
might  develop  subsequent  to  sealing-off  the  unit. 

For  the  purpose  of  calibration,  each  chamber  contains 
a Po-a  source  plated  onto  an  insulated  silver  electrode. 
The  source  protrudes  slightly  through  a hole  in  the 
cathode  and  is  “turned  on  or  off”  by  connecting  the 
probe  to  the  cathode  supply  (—300  v)  or  to  ground, 
respectively.  In  the  “off”  state,  the  a-particle  ionization 
electrons  are  collected  on  the  grounded  source  probe 
and  are  thus  not  permitted  to  reach  the  central  wire. 

The  Po-a  pulses  reach  voltage  saturation  at  a cathode 
potential  of  —200  v immediately  after  a chamber  is 
filled.  However,  the  saturation  voltage  drops  to  an 
equilibrium  value  some  50  volts  lower  in  the  course  of 
a few  days.  This  tendency,  which  is  probably  caused 
by  the  “getter”  action  ox  the  clean  copper  walls,  insures 
that  the  normal  operating  potential  of  —300  V IS 
adequate  for  saturation  even  long  after  the  chambers 
are  filled.  The  calibration  source  is  used  only  for  setting 
the  discriminator  and  checking  the  over-all  stability  of 
the  instrument  in  prefiight  tests.  During  flight  the 
source  is  turned  off  so  as  not  to  interfere  with  the 
detection  of  cosmic-ray  bursts.  In  the  case  of  every 
instrument  which  has  been  recovered  immediately  after 
landing,  pnstflight  chpxks  have  revealed  no  detectable 
change  in  calibration. 

The  linear  amplifier  comprises  three  stages  of  amplifi- 
cation with  0.015  percent  inverse  feedback  and  has  an 
over-all  gain  of  SX103.  This  amount  of  feedback, 
although  not  large,  is  sufficient  to  reduce  to  2 percent 
the  change  in  amplifier  gain  resulting  from  battery 
voltage  drops  during  the  normal  (five  hour)  flight 
duration.  The  interstage  coupling  components  of  the 
amplifier  are  chosen  to  give  a rise  time  (5  /isec)  com- 
parable to  the  electron  collection  time  ox  the  ionization 
chamber,  and  a decay  time  (100  j-tsec)  sufficiently 
small  that  the  inductive  effect  of  positive  ion  motion  is 
not  amplified.  Through  careful  selection  of  vacuum 
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Fig.  2.  Constructional  details  of  ionization  chamber.  A,  pres- 
sure vessel  (0.032*ir..  Cu);  B,  cathode  (0.032-in.  Cu);  C,  cathode 
insulating  rings  (Mykroy);  D,  retaining  spring;  E,  electron  cob 
lector  (0.010-in.  Kovar);  F,  glass  insulator;  G,  Po-a  source  elec- 
trode; H,  pinch  seal;  I,  0-100  lb/in.2  pressure  gauge;  J,  connec- 
tion to  amplifier:  K,  —300  v cathode  connection. 

tubes,  the  amplifier  output  noise  level  is  approximately 
0.2  v,  which  is  5 percent  of  the  amplitude  of  the  smallest 
pulses  allowed  past  the  discriminator  in  the  measure- 
ments reported  here. 

The  discriminator  stage  is  u triode  biased  beyond  cut 
off  by  a variable  potentiometer  adjustment.  The 
(positive)  amplifier  output  pulses  reach  the  discrimi- 
nator plate  circuit  (and  thence  trigger  the  subsequent 
keying  univibrator)  only  when  their  amplitudes  exceed 
the  difference;  between  the  negative  bias  potential  and 
the  triode  cut  off  potential.  For  all  of  the  flights  reported 
in  the  present  paper,  the  discriminator  was  adjusted  so 
that  only  bursts  > 1 ,0  Fo-a  were  relayed  to  the  ground 
station. 

B.  Quadrupole  Coincidence  Counter  Train 

The  counter  trains  utilized  in  measurements  of  the 
intensity  both  in  the  vertical  and  horizontal  directions 
were  identical  with  those  used  in  19491  and  previously.3 
The  complete  balloon-borne  apparatus,  as  well  as  the 
ground  receiving  station,  have  also  been  described  in 
detail.2 


in. 

A.  Search  for  Diurnal  and  Temporal  Variations 

The  detection  of  a small  diurnal  variation  had  not 
been  specifically  attempted  in  1949,  although  the  data 
obtained  in  flights  conducted  at  different  times  of  the 
day  revealed  no  indication  of  any  marked  differences 
which  could  be  attributed  to  a diurnal  effect.  If  the  sun 
possesses  a permanent  dipole-moment  of  the  magnitude 
which  had  previously  been  assumed,  a diurnal  variation 
of  the  intensity  of  the  primary  cosmic  radiation  must 
necessarily  occur,  for  reasons  which  lia.ve  already  been 
discussed.1  Observations  conducted  at  a high  northern 
latitude  are  optimum  from  the  point  of  view  of  the 
magnitude  of  the  change  expected  during  the  course  of 
a day,  since  the  variation  is  maximum  at  locations 
appreciably  north  of  the  previously- assumed  knee  of 
the  latitude  effect.  Furthermore,  the  extreme  change 
expected  at  high  latitudes  occurs  during  daylight  hours, 

3 For  details  regarding  geometry,  see  M,  A.  Povnerantz,  Phys 
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to  which  the  present  flights  were  necessarily  confined 
owing  to  technical  limitations  imposed  by  the  absence 
of  heating  by  solar  radiation  at  night.  Finally,  and 
most  important  of  ail,  the  intensity  at  the  higher 
latitude  should  actually  be  lower  than  that  at  Swarth- 
more  in  the  early  morning,  and  equal  in  the  late  after- 
noon, according  to  Dwight's  calculations.4 

Therefore,  the  flights  in  1950  w?ere  released  over  a 
wider  range  of  times  to  broaden  the  scope  of  this 

4 K.  Dwight,  Phys.  Rev,  78  . 40  (19.S0). 


important  phase  of  the  investigation.  For  rea^on^  ritprl 
earlier,1  measurements  were  obtained  principally  with 
counter  trains  containing  7, .5  cm  of  interposed  lead 
absorber.  Table  1 contains  a summary  of  the  1050 
series  at  Fort  Churchill,  and  as  may  be  seen  in  Figs.  3 
and  4,  there  is  no  detectable  dependence  of  the  results 
upon  the  time  of  day. 

Furthermore,  it  is  apparent  in  Fig.  3 that  the  present 
measurements  have  quantitatively  confirmed  the  earlier 
data,  thus  indicating  no  observable  difference  in  the 
conditions  existing  during  the  summers  of  1949  and 
1950.  Finally,  it  is  to  be  noted  that,  during  the  course 
of  continuous  observations  extending  over  a period  of 
more  than  a month,  no  changes  sufficient  to  be  detected 
by  the  instruments  utilized  in  these  investigations  are 
manifested. 

B.  Intensity  vs  Altitude  Curve  with  4 cm  Pb 

The  nature  of  the  dependence  of  the  intensity  upon 
altitude  at  69°N  in  the  case  of  particles  capable  of 
penetrating  4 cm  of  Pb  is  of  particular  interest.  The 
fact  that  a definite  maximum  in  the  curve  is  observed 
at  52CN  for  4 cm  but  not  6 cm  provided  a basis  for  the 
prediction  that  the  maximum  with  4 cm  would  disap- 
pear at  the  higher  latitude.  Low  energy  primaries,  such 
as  were  presumably  entering  at  Fort  Churchill,  were 
expected,  through  their  progeny,  to  contribute  appreci- 
ably to  the  intensity  only  near  the  top  of  the  atmos- 
phere. 

This  hypothesis  is  supported  by  the  results  plotted 
in  Fig.  4.  ii  is  observed  that,  at  Fort  Churchill,  the 
intensity  of  particles  having  a residual  range  of  4 cm  of 
Pb  is  essentially  constant  throughout  the  upper  seven 
percent  of  the  atmosphere. 

This  latitude  dependence  of  the  critical  thickness  of 
interposed  absorber  for  which  the  maximum  in  the 
intensity  vs  altitude  curve  disappears,  arising  from  the 
change  in  the  minimum  allowed  primary  energy,  would 
result  in  the  appearance  c*  a maximum  at  low  latitudes 
even  for  thick  absorbers.  Thus,  Rao  et  at  3t\, 
have  observed  a distinct  peak  in  the  vertical  intensity 
of  cosmic  radiation  penetrating  10  cm  of  Pb,  at  a pres- 
sure of  90  mra  of  Ilg.  This  is  entirely  in  accord  with 
expectations  on  the  basis  of  the  present  considerations. 
Furthermore,  as  a consequence  of  this  effect,  the  atmos- 
pheric pressure  at  which  the  maximum  occurs  for  any 
particular  amount  of  absorber  would  increase  as  the 
latitude  is  decreased. 

C.  Intensity  in  the  Horizontal  Direction 

Investigations5"7  of  the  cosmic-ray  intensity  at 
various  zenith  angles  have  revealed  an  appreciable 

uRao„  Bnksubrahmanyain.  Gokhale,  and  Pereira,  Phys.  Rev. 
83,  173  (1951). 

e Swann,  Locher,  and  Danforth,  Natl.  Geographic  Soc.  Con- 
tributed Tech.  Papers,  Stratosphere  Series  2,  13  (1936). 

6 M A.  PomeranU,  Phys.  Rev.  75,  1335  (1948). 

7 Wmckler,  Stroud,  and  Shaaley,  Phys.  Rev.  76,  1012  (1949). 
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Fig.  3.  Intensity  vs  altitude  curves  for  cosmic  rays  arriving  vertically,  and  penetrating  7.5  cm  of  Pb  at  \ = 52°N 
(Swarthmore,  Pennsylvania)  and  \ — 69°N  (Fort  Churchill,  Manitoba).  Note  the  absence  of  detectable  diurnal 
or  temporal  variations. 


component  at  large  angles.  The  observed  horizontal 
intensity  at  very  high  altitudes  appreciably  exceeds 

_ a 4 1_  - 4 * „ „„ j; ,rr„  
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atmospheric  path  in  the  vertical  direction,  and  must 
consist  predominantly  of  secondary  particles  emitted 
in  acts  in  which  the  initial  direction  is  not  propagated. 
It  was  of  interest  to  ascertain  whether  the  new  group 
of  low  energy  primary  particles  entering  at  Fort 
Churchill  would  enhance  the  horizontal  intensity  at 
that  station.  Therefore,  a direct  comparison  of  the 
horizontal  intensities  at  the  two  latitudes  was  con 
ducted. 

The  measurements  were  obtained  with  the  same 
counter  trains  used  in  the  other  phases  of  these  experi- 
ments. When  the  instruments  are  oriented  horizontally, 
the  maximum  aperture  between  the  extreme  ray  and 
the  horizontal  plane  is  4.5 °,  Telescopic  observations  of 
the  swinging  of  the  instruments  during  flight  revealed 
that  the  maximum  excursion  was  usually  less  than  2° 
from  the  vertical  even  during  the  more  turbulent 
initial  portions  of  the  ascent. 

In  some  of  the  flights,  a 7.5  cm  Pb  absorber  was 
interposed  in  the  counter  train.  In  others,  no  absorber 
was  present  other  than  the  counter  walls.  In  this  case 


all  particles  capable  of  penetrating  4.4  g/cm2  were 
detected.  This  corresponds  to  a minimum  energy  for 

_ , r * 4~i._  nr* 

iucsuns  ui  appiu/uiuaiu^  ± *x*^v. 

A detailed  statistical  analysis  of  flights  unde^  the 
latter  condition  is  summarized  in  Table  II.  These 


Fig.  4.  Intensity  vs  altitude  curves,  obtained  with  concidence- 
counter  trains  containing  4 cm  of  Pb,  for  cosmic  rays  arriving 
vertically  at  X = 52CN  and  X = 69°N.  The  maximum  disappears  at 
the  more  northern  station. 
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7\\blx  II.  Summary  of  data  obtained  with  horizontal  quadru- 
ple-coincidence counter  trains  containing  no  interposed  Pb 
absorber.  Within  the  statistical  uncertainties,  no  dependence 
upon  latitude  between  52°U  and  69QM  is  indicated. 
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experiments  have  indicated,  as  ma1'  be  seen  also  in 
Fig,  5,  that,  unlike  the  situation  in  the  vertical  direction, 
even  at  the  highest  altitudes  attained  the  horizontal 
intensity  is  not  dependent  upon  latitude  north  of  52°. 

Data  obtained  at  52°N  with  1.0  cm  of  absorber  are 
also  included  in  Fig.  5 because  these  constitute  a self- 
consistent  set  of  measurements,  with  good  resolution 
in  zenith,  of  the  intensity  and  the  rate  of  absorption  of 
the  horizontal  component  of  the  cosmic  radiation. 

D.  Ionization  Chamber  Bursts 

The  data  obtained  in  four  ionization  chamber  flights 
at  Swarthmore,  Pennsylvania  (52 °N  geomagnetic  lati- 
tude) and  in  three  flights  at  Fort  Churchill  (69°N 
geomagnetic  latitude)  are  plotted  in  Fig,  6,  Statistical 
errors  (not  shown  in  the  figure)  are  approximately 
zb  10  percent  for  points  near  the  top  of  the  atmosphere 
and  zb 20  percent  for  the  lower  points.  A statistical 

q no ixrcie  nf  riofo  f f v> o separate  flights  at 

the  two  locations  (Table  III)  shows  that  all  individual 
flights  agree  within  statistical  expectation.  Similarly, 
the  combined  average  counting  rates  of  the  Fort 
Churchill  flights  agree  with  the  combined  average  rates 
obtained  at  Swarthmore.  Within  the  statistical  uncer- 


tainties indicated  in  Table  HI  the  burst  rates  at  the 
two  locations  are  the  same  at  all  altitudes. 

DISCUSSIONS 
A,  Horizontal  Intensity 

The  maximum  residual  range  in  air  of  the  new 
particles  which  enter  the  top  ot  the  atmosphere  at 
69°N  is  approximately  150  g/cm2.  This  is  indica  tCill 
the  fact  that,  as  is  shown  in  Figs.  3 and  4,  no  observable 
difference  in  the  intensity  at  the  two  locations  arises 
until  the  atmospheric  pressure  is  somewhat  less  than 
120  mm  of  Hg. 

The  ratio  of  the  minimum  amount  of  matter  which  a 
particle  would  have  traversed  through  the  spherical  at- 
mosphere before  entering  the  geometrical  arrangement 
utilized  Li  these  experiments  in  the  horizontal  direction 
to  that  in  the  vertical  is  12.  Thus,  on  the  basis  of  mass- 
absorption  aione,  it  is  evident  that  none  of  the  particles 
in  this  new  group,  which  must  have  energies  below  1.6 
Bev,  could  be  expected  to  penetrate  to  a horizontal  de- 
tecting device  of  the  present  dimensions  at  an  altitude 
lower  than  that  corresponding  to  a maximum  pressure  of 
120/12  = 10  mm  of  Hg,  In  view  of  the  fact  that  the 
particles  observed  at  the  greatest  depths  in  the  vertical 
direction  may  be  mesons  rather  than  primary  nucleons, 
the  effects  of  decay  would  make  the  situation  even 
more  drastic. 

The  particles  which  constitute  the  horizontal  in- 
tensity are  principally  secondaries  produced  at  wide 
angles  from  the  forward  direction  by  primaries  moving 
essentially  downward  through  the  atmosphere.  This  is 
immediately  evident  from  the  comparison  of  the 
counting  rates  recorded  at  high  altitudes  in  the  hori- 
zontal direction  with  those  predicted  on  the  basis  of 
measurements  obtained  with  an  identical  instrument 
OiicitLcd  vertically.  The  cApcctcu  counting  rate  Inipo) 
of  a horizontal  train  at  pressure  p0  can  be  computed 
on  the  basis  of  the  assumption  that  the  contribution  at 
angle  f is  — /a(£o/r),  where  f\  would  be  seef  for 
a flat  atmosphere  of  infinite  extent.  lo(poft)  is  obtained 
from  the  corresponding  vertical  intensity  vs  altitude 


Table  III.  Summary  of  data  obtained  with  ionization  chambers  biased  to  record  pulse  of  height  exceeding  1 Po-tr. 
Within  the  statistical  uncertainties,  no  dependence  upon  latitude  between  52°N  and  69°N  is  indicated. 


Geoniag.  Flight 

lat.  date  Average  counting  rates,  counts  per  minute.  In  indicated  pressure  interval 


200-87 

87-54 

54-33 

3-3-21 

21-13 

13-8 

8-5 

mm  of  Hg 

mm  of  Hg 

mm  of  Hg 

mm  of  Hg 

mm  of  Hg 

mm  of  Hg 

mm  of  Hg 

69  °N 

9-  2-50 

4.94=0.5 

6.54=0.5 

10.0*0.7 

12.84=0.5 

69°N 

9-  3-50 

4.04=0.7 

7.3±0.9 

8. 1*0.8 

12.64=0.8 

17.14=0.8 

69°N 

9-  4-50 

3.54=0.4 

7.34=0.5 

11.24=0.6 

15.6*0.6 

19.1*0.6 

2i.2+0.8 

69  °N 

Average 

4.14=0.3 

7.04=0.3 

10.24=0.4 

12.7*0.4 

16.34=0.5 

19.1*0.6 

21.24=0.3 

52  "N 

4-30-50 

5.04=0.3 

6.84=0.6 

10.04=0.6 

r 04=10 

52CN 

6-  2-50 

4.54=0.3 

8.54=0.7 

10.44=0.7 

13.1*1.0 

15,64=0.8 

19.0*0.8 

20.84=1.4 

52°iNT 

6-  9-50 

5.2d=0.3 

7.24=0.5 

10.74=0.7 

13.8*0.9 

15.84=0.8 

19.5*1.3 

52  °N 

3-  7 51 

5.6=b0.4 

9.14=0.6 

12.44=0.8 

13.2*1.2 

52°N 

Average 

5.04=0.2 

8.04:0.3 

10.84:0.4 

13.4*0.6 

16.04-0.5 

19.2*0.7 

20.8+1.4 
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curve.  In  the  case  of  a spherical  atmosphere,  although 
jx  remains  finite  at  90°,  the  calculated  counting  rates 
are  far  less  than  the  observed  even  if  the  attenuation 
introduced  by  meson  decay  is  not  taken  into  consider- 
ation, For  example,  at  ^=.30  mm  of  Hg,  the  maximum 
expected  counting  rate  with  the  geometry  utilized  in 
these  experiments  is  2 counts  per  minute  as  compared 
with  24  counts  per  minute  observed  with  no  interposed 
absorber.  Meson  decay  should  reduce  this  expected 
rate  by  a factor  of  at  least  1000,  depending  upon  the 
assumptions  made  regarding  the  production  of  mesons. 
Tnis  general  situation  piecoiiiiiig  even  more  drastic  at 
lower  altitudes),  prevails  for  all  thicknesses  of  absorber 
for  which  data  are  available  up  to  the  highest  altitudes 
attained,  although  the  disparity  between  the  expected 
and  observed  intensities  with  7.5  cm  of  Pb  is  consider- 
ably reduced  at  5 mm  of  Hg.  Thus,  the  horizontal 
intensity  is  far  in  excess  of  that  expected  for  rectilinear 
propagation  of  an  isotropic  primary  beam  incident  at 
the  top  of  the  atmosphere. 

It  might  have  been  expected  that  low  energy  pri- 
maries would  be  most  productive  of  wide-angle  events, 
principally  through  the  formation  of  low  energy  mesons. 
Furthermore,  the  spectrum  is  richest  at  the  low  end, 
and  intensity  considerations  seemed  to  favor  the  pri- 
maries having  energies  near  the  geomagnetic  cutoff  at 
52°N  as  the  source  of  the  horizontal  component. 

The  absence  of  an  increase  in  the  horizontal  intensity 


Fig.  6.  Dependence  of  burst-rate  upon  altitude,  as  measured  by  ionization  chambers  biased  to  record  events  > i.O  ro-a. 

No  variation  wiih  latitude  nuidi  of  \ — 52°  is  revealed. 


ZfJvHTH  AKGLt  90° 


ATMOSPHERIC  pressure  IN  MM  or  tif 

Fig.  5.  Data  obtained  with  counter  trains  orienied  horizontally. 
No  dependence  upon  latitude  north  of  \ = 52°  is  indicated. 
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at  the  highest  altitude  attained,  corresponding  to  about 
9 mm  of  Hg,  is  not  consistent  with  this  hypothesis.  On 
the  contrary,  the  results  indicate  that  the  secondary 
particles  which  constitute  the  horizontal  component  do 
not  arise  from  primaries  having  energies  near  the  min- 
imum permitted  at  52 °N.  Hence,  they  must  he  the  prog  - 
eny of  the  less  numerous  high  energy  primaries.  The 
latter  are  particularly  effective  in  contributing  to  the 
counting  rate  of  a counter  train  inclined  at  a zenith 
angle  of  90°  because  the  total  flux  of  vertically-directed 
particles  which  can  produce  wide-angle  secondaries 
capable  of  actuating  the  horizontal  instrument  is,  of 


course,  much  larger  than  the  total  flux  through  the 
same  counter  train  oriented  vertically. 


B.  Solar  Dipole-Moment 

The  original  conclusion8  that  the  maximum  value  of 
the  solar  dipole-moment  does  not  exceed  6X1(F  gauss- 
cm3  remains  unchanged.  It  must  be  emphasized  that 
this  deduction  from  the  present  experimental  results 
presupposes  an  infinitely  distant  source  for  most  of  the 
cosmic  radiation  reaching  the  earth.  The  concept  of  a 
solar  aUowed-cone  created  at  the  earth  by  a permanent 
magnetic  field  of  the  sun  certainly  does  not  apply  to 
narticles  produced  at  that  body  and  proceeding  more 
^r  less  directly  to  the  earth.  Hence,  if  it  had  been 
independently  demonstrated  that  the  sun  did  possess  a 
dipole-moment  of  the  previously  assigned  magnitude 
during  the  period  when  these  experiments  were  per- 
formed, the  present  results  would  have  constituted 
direct  evidence  for  a solar  origin  of  a large  fraction  of 
the  primary  intensity.  However,  the  most  recent  astro- 
physical  determinations  uf  the  solar  field  by  Th lessen-' 
and  von  Kliiber10  using  vastly  improved  methods  have 
yielded  values  no  higher  than  1-2  gauss. 

The  observed  isotropv  of  the  high  energy  nonfield- 
sensitive  radiation  (>1013  ev)  reveals  that  the  entire 
galaxy  must  be  the  source  of  such  particles,  as  has  been 
demonstrated  by  Cocconi.11  On  the  other  hand,  the 
low  energy  portion  of  the  spectrum  (<1010  ev)  must 
have  a local  origin  in  order  to  avoid  the  necessity  of 
traversing  an  excessive  mass  of  matter,  as  a consequence 
of  the  action  of  the  galactic  magnetic  field,  during  the 
iournev  through  the  galaxy  to  this  planet.  The  isotropy 
of  the  total  incoming  radiation,  as  revealed  by  measure- 
ments of  the  zenith6  and  azimuthal  distributions7  at 
high  altitudes  as  well  as  by  the  absence  of  a detectable 
diurnal  variation  as  reported  herewith,  indicates  that 
the  particles  of  solar  origin  do  not  in  general  proceed 
directly  from  the  sun  to  the  earth  Hence,  after  they 
are  emitted  from  the  sun.  the  particles  must  subse- 
quently follow  complicated  trajectories  as  a consequence 
of  which  the  intensity  ultimately  becomes  isotropic. 

3 M.  A.  Pomerantz  and  M.  S.  Vallarta,  Phys.  Rev  76  1889 
(1949). 

? G.  Thiessen  (private  muni  cat  ion). 

10  H.  vnr»  Kliihpr  Prnc  Rnv.  Ast.  hoc.  111.  8 H951). 

11  G.  Cocconi,  Pays.  Rev.  S3,  1193  (1951). ' 
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Thus,  the  primaries  reaching  the  earth  appear  to  arrive 
from  a distant  (virtual)  source  uniformly  distributed 
about  the  earth. 

This  is  evidently  accomplished  by  interactions  with 
magnetic  fields  within  the  solar  system.  The  particles 
which  are  observed  to  come  more  or  less  directly  from 
the  sun/2  in  contrast  with  the  isotropically-distributed 
radiation,  can  be  consequently  accounted  for  only  by  a 
tunneling  through  the  trapping  field  resulting  from  a 
sort  of  degaussing  effect  produced  by  transient  local 
magnetic  fields,  such  as  was  first  proposed  by  Forbush, 
G ill  and  Vallarta.13 

— j - 

C.  Low  Energy  Spectrum 

General  considerations  relating  to  the  determination 
of  the  nature  of  the  primary  spectral  distribution  from 
the  present  results  were  discussed  in  reference  1.  The 
exact  value  nf  y in  a differential  energy  distribution  law 
of  the  form  i(E)dE  — kE~ydE  cannot  be  deduced  in  the 
usual  manner  from  the  geomagnetic  cut-off  energies  and 
the  observed  ratio  of  the  intensities  at  the  two  latitudes 
in  this  case.  At  high  latitudes,  atmospheric  absorption 
rather  than  the  terrestrial  magnetic  field  determines 
the  minimum  energy  which  a primary  particle  must 
possess  in  order  to  reach  the  detecting  apparatus.  This 
lower  limit  «*(/,  X),  required  by  a primary  particle  (or 
its  progeny)  to  penetrate  the  thickness  l of  atmosphere 
above  the  detecting  apparatus  plus  the  counter  walls, 
cannot  be  assigned  a precise  value. 

Winckler,  el  al.,u  have  determined  from  measure- 
ments at  low  latitudes  that  the  value  of  y is  1.9  for 
primary  proions  having  energies  between  4 and  14  Bev. 
If  the  power  law  with  the  same  exponent  still  prevailed 
at  la  titudes  north  of  52°,  the  observed  ratio  of  intensities 
/gg°/ f 1 ‘46  would  correspond  to  an  absorption  cut- 
off energy  en(q  69°)  of  1.1  Bev  for  primary  protons  at 
o9~N. 

The  maximum  depth  of  penetration  of  particles 
having  energies  just  below  the  geomagnetic  cutoff  at 
52°N  («i.6  Bev)  is  approximately  150  g/cm2  of  air 
(see  Sec.  IVA).  Previous  absorption  measurements18 
have  also  revealed  that  1.6-Bev  particles  are  first 
absorbed16  by  something  like  the  same  amount  of  lead. 
Furthermore,  from  the  location  of  the  sea-level  knee  of 
the  latitude  effect,  ll  is  known  that  approximately  3 
Bev  are  required  for  penetration  of  1000  g/cm2  of  air. 
Although  the  effective  range  is  falling  off  faster  than 
directly  proportional  to  the  energy,  it  is  inconceivable 
that  primaries  having  an  energy  of  Ll  Bev  would  have 
a range  /<20  g/cm2.  In  any  event,  after  the  particle 

u M.  A.  Pomerantz,  Phys.  Rev.  81,  731  (1951). 

18  Forbush,  Gill,  and  Vallarta,  Revs.  Modem  Phys.  21,  44 
(1949), 

11  Winckler,  Stix,  Dwight,  and  Sabin,  Pbys.  Rev.  79,  656  (1950). 

16  M.  A.  Pomerantz,  Phys.  Rev.  83,  459  (1951). 

16  Absorption  is  defined  here  as  the  reduction  below  unity  of 
the  probability  that  each  primary,  or  at  least  one  of  its  progeny 
created  in  the  lead,  always  has  sufficient  residual  range  and  is 
propagated  in  the  proper  direction  to  actuate  the  coincidence 
train. 
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nas  been  slowed  down  to  a velocity  such  that  nuclear 
interaciions  are  relatively  improbable  and  ionization 
becomes  the  predominant  mode  of  energy  degradation, 
the  residual  range  appreciably  exceeds  this  amount. 
For  example,  *he  experimentally  observed  range  of 
340-Mcv  protons  is  70  g/cm2  in  carbon.17 

It  is.  therefore,  necessary  to  conclude  that  the  power- 
law  spectrum  observed  for  the  primaries  of  higher 
energies  does  not  apply  at  the  low  end.  In  fact,  the 
differential  spectrum  may  exhibit  a maximum  even 
south  of  52°,  followed  by  a rapid  decrease  toward 
the  iow  energies  which  are  permit  Led  north  of  this 
latitude  This  would  not  be  inconsistent  with  either 
Winckler’s  results14  or  with  those  of  Van  Allen  and 
Singer.18 

A spectrum  of  this  shape,  poor  in  the  low  energy 
portion,  would  be  expected  if  the  regions  where  cosmic 
rays  are  being  produced  on  the  sun  were  distributed 
statistically  uniformly  over  the  surface.  T e low  energy 
particles  could,  in  general,  move  off  toward  infinity 
only  near  the  poles,  owing  to  the  presence  of  the  one 
gauss  field,  and  the  contribution  from  the  polar  regions 
would  be  a small  part  of  the  total.  On  the  other  hand, 
high  energy  particles,  if  indeed  any  are  produced, 
would  not  be  subject  to  trapping  fields  and  could  move 
off  to  infinity.  The  observed  spectrum  would,  therefore, 
result  from  a combination  of  effects  involving  both  the 
production  and  acceleration  processes  and  the  solar 
geomagnetic  effects. 

D.  Nuclear  Disintegrations  and  Primary 
Heavy  Nuclei 

w nen  uiased  as  m liic  present  CApvriuJvijiS,  the 
ionization  chamber  instrument  responds  to:  (1)  relativ- 
istic heavy  nuclei  of  atomic  number  Z> 8;  (2)  single 
slow  protons  and  a-particles:  (3)  nuclear  disintegrations 
produced  in  the  walls  bv  fast  protons  and  neutrons; 
(4)  air  showers  in  which  at  least  60  electrons  traverse 
the  chamber. 

Of  the  above-listed  events,  air  showers  probably 
contribute  the  least  to  the  observed  counting  rates. 
Chambers  similar  to  those  used  in  the  present  investi- 
gation have  been  operated  in  twofold  coincidence  as 
detectors  of  dense  showers  at  mountain  altitudes.19  The 
results  indicate  that  only  a few  percent  of  the  bursts  at 
these  heights  are  produced  by  electron  showers. 
Furthermore,  the  measurements  of  Kraybill  and 
Ovrebo20  show  an  altitude  increase  in  the  frequency  of 
showers  which  is  considerably  less  rapid  than  the 
observed  altitude  increase  in  the  rate  of  ion  chamber 
bursts. 

In  photographic  emulsions  exposed  at  atmospheric 
depths  of  10  and  16  g/cm2  at  X = 55°,  Bradt  and  Peters21 

17  R.  Mather  and  E.  Segre,  Phys.  Rev.  84,  191  (1951). 

18  J.  A.  Van  Allen  and  S.  F.  Singer,  Phys.  Rev,  78,  818  (1950). 

13  C.  G.  Montgomery  and  D.  D.  Montgomery,  rhvs.  Rev.  76, 

1482  (1949). 

a H.  L Kravbiii  and  P.  J.  Ovrefc-\  Phys.  Rev.  72,  351  (1947). 

31  H.  L.  Er-dt  and  B Phv*.  Rev.  77.  54  (1949). 


Fic.  7.  Resolution  of  observed  burst-rate,  A , into  the  contributions 
by  heavy  primaries,  B , and  nuclear  disintegrations,  C. 

have  measured  the  collision  mean  free  paths  of  heavy 
nuclei  as  a function  of  atomic  number  Z,  and  have 
calculated  that  the  primary  intensity  of  nuclei  of  Z>6 
is  1.4X  10“Vcm2/sec/sterad.  The  computation  takes 
into  account  the  absorption  by  nuclear  collisions,  but 
neglects  a small  fraction  of  the  primary  flux  which  is 
stopped  as  a consequence  of  ionization  loss  before 
reaching  the  depth  at  which  the  plates  were  exposed. 

On  the  basis  of  the  above  primary  intensity  value,  and 
the  Z-spectrum  obtained  bv  the  same  authors,  the 
ionization  chamber  used  in  the  present  experiments 
should  record  30  heavy  nucleus  counts  per  minute  at 
the  top  of  the  atmosphere  In  arriving  at  this  result, 
isotropic  incidence  was  assumed,  and  full  account  was 
taken  of  the  rather  complicated  geometry  of  the 
chamber. 

If  the  emulsion  observations21  of  the  spectrum  and 
the  collision  mean  free  paths  of  heavy  nuclei  are  com* 
bined  with  a computation  of  the  sensitivity  of  the  ion 
chamber  as  a function  of  Z,  the  average  collision  mean 
free  path  in  air  for  nuclei  recorded  by  the  chamber  can 
be  estimated  as  30  g/cm2.  On  the  basis  of  this  value  for 
the  absorption  mean  free  path  of  the  heavy'  primaries, 
and  on  the  assumption  of  isotropic  incidence  above  the 
atmosphere,  the  approximate  heavy  nucleus  counting 
rate  vs  atmospheric  depth  curve  labeled  B in  Fig.  7 is 
deduced.  Inasmuch  as  the  same  absorption  mean  free 
paths  used  by  Bradt  and  Peters  in  calculating  the 
primary  flux  from  observations  at  about  15  g/cm2  were 
used  in  obtaining  curve  Bf  the  counting  rate  given  by 
the  latter  at  15  g/cm2  is  probably  quite  accurate.  At 
atmospheric  depths  exceeding  15  g/cm2  the  computed 
curve  may  be  somewhat  high  because  of  the  neglect  of 
ionization  loss.  However,  this  effect  is  partially  compen- 
sated by  the  assumption  of  an  absorption  mean  free 
path  equal  to  the  collision  mean  free  path,  although 
actually'  some  of  the  heavy  nuclei  are  not  completely 
broken  up  into  fragments  too  small  to  be  counted  by  \ 
the  ionization  chamber  in  their  first  collision. 

Curve  C in  Fig.  7 represents  the  difference  between 
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the  calculated  heavy  nucleus  counting  rate  and  the 
experimental  curve  A.  Within  the  uncertainties  in  the 
heavy  nucleus  rates,  curve  C represents  the  variation 
with  altitude  of  the  total  flux  of  protons:  neutrons,  and 
other  particles  capable  of  producing  nuclear  disinte- 
grations in  the  chamber  walls. 

The  maximum  in  curve  C at  a depth  of  35  g/cm2  is 
indicative  of  the  cascade  multiplication  of  the  nucleonic 
component  and  agrees  in  position  with  the  maximum 
obtained  by  Whyte2'2  in  the  analysis  of  Coor’s23  burst 
dataior  A = 52°.  Photographic  emulsion  studies  of  the 
development  of  the  nucleonic  cascade  as  manifested  in 
the  rate  of  star  production  vs  atmospheric  depth  seem 
to  conflict  with  one  another  regarding  the  existence  of 
a maximum  in  the  flux  of  star-producing  particles. 
Freier  el  ai?A  report  evidence  of  strong  maxima  be- 
low 45  g/cm2  in  the  production  rates  of  stars  of  all 
sizes  up  to  and  including  those  with  more  than  10 
prongs.  On  the  other  hand,  Lord26  finds  that  the  fre- 
quencies of  stars  of  all  sizes  from  3 to  more  than  16 
prongs  decrease  monotonically  at  atmospheric  depths 
greater  than  15  g/cm2.  The  present  results  are  qualita- 
tively in  accord  with  the  former,  whereas  there  appears 
to  be  a definite  inconsistency  with  the  latter  which  is 
not  as  yet  understood. 

The  absorption  mean  free  path  of  the  burst-producing 
radiation  as  determined  by  the  best  exponential  repre- 
sentation of  the  counting  rate  vs  altitude  curve  between 
60  and  200  mm  of  Hg  is  £=165  g/cm2.  This  is  in 
reasonable  agreement  with  the  value  £=160  g/cm2 
derived  from  Coor’s  ionization  chamber  data  in  the 
same  altitude  range.  In  a similar  manner,  the  star 
production  vs  altitude  curves  of  Lord  between  60  and 
200  mm  of  Hg  yield  absorption  mean  free  paths  L—  165, 
120  and  110  g/cm2  for  the  radiations  producing  stars 
with  3,  4,  5 prongs,  6,  7,  8,  9 prongs  and  more  than  9 
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the  L value  obtained  from  the  ionization  chamber 
results  should  lie  somewhere  within  the  above  limits. 
However  an  exact  comparison  between  ion  chamber  and 
emulsion  data  is  precluded  by  inadequate  knowledge  of 
(1)  the  relative  cross  sections  in  Cu  and  emulsion  for 
the  production  of  stars  of  given  size  and  (2)  the  burst- 
producing  efficiency  of  stars  as  a function  of  size  for 
the  particular  ion  chamber  geometry  involved. 

According  to  the  emulsion  work  of  Caraerini,  el  a/.26 
the  integral  cross  section  for  production  by  neutrons 
and  protons  of  stars  with  more  than  2 prongs  closely 
approximates  the  geometrical  nuclear  cross  section. 
Assuming  this  to  hold  for  primary  cosmic  rays  incident 
upon  copper,  and  using  the  value  0.17  particle/cm2/ 
sec/sterad  as  the  primary  intensity3  at  \ = 52t\  we  find 
that  stars  with  more  than  2 prongs  should  occur  in  the 

23  G.  3NT.  Whyte,  Phys.  Rev.  82,  204  (1951). 

»T.  Coor,  Phys.  Rev.  82,  478  (1951). 

21  Freier,  Ney,  and  Oppenheimer,  Phys.  Rev.  75,  1451  (1949). 

25  J.  J.  Lord,  Phys.  Rev.  81,  901  (1951). 

26  Camerini,  Fov/ler,  Lock,  and  Muirhead,  Pbih  Mag.  41,  415 
(1950). 


ion  chamber  walls  at  the  rate  of  240  per  minute  at  the 
top  Gf  the  atmosphere.  Comparison  of  this  rate  with 
any  reasonable  extrapolation  of  curve  C,  Fig.  7,  to 
zero  g/cm2  shows  that  at  mod  3 percent  of  the  stars 
produced  in  ibe  wall  by  primaries  give  rise  to  bursts 
> 1 .0  Po-.t  2 cure  knowledge  of  the  extent  to  which  this 
surprisingly  small  efficiency  can  be  attributed  to  the 
absorption  of  low  energy  star  fragments  hcforc  their 
entry  into  the  gas  could  be  obtained  by  employing 
chambers  with  various  wall  thicknesses  in  future  flights. 

According  to  the  curves  B and  C in  Fig.  7.  the  heavy 
nuclei  and  nuclear  disintegrations  contribute  13  counts 
per  minute  snd  8 counts  per  minute,  respectively,  at  a 
depth  of  10  g/cm2  at  geomagnetic  latitude  52 °N.  The 
latitude  effect  between  S2°N  and  69°N  at  10  g/cm2  is 
0-hS  percent.  Considering  the  extreme  case  of  a possible 
5 percent  increase  (1.0  std.  dev.)  assignable  solely  to 
heavy  nuclei,  the  increase  in  the  latter  at  10  g/cm2 
would  be  8 percent.  On  the  other  hand,  if  +he  heavy 
nucleus  flux  were  assumed  to  be  unchanged,  the  corre- 
sponding increase  in  the  nuclear  disintegration  rate 
would  be  13  percent. 

Extrapolation  of  the  curves  of  Figs.  3 and  4 to  the 
top  of  the  atmosphere  yields  a lower  limit  of  45  percent 
for  the  increase  m the  vertical  primary  intensity  be- 
tween A = 52°  and  A =69°.  Comparison  of  this  result 
with  the  aforementioned  0zbl3  percent  latitude  effect 
shows  that  primaries  of  energy  below  the  geomagnetic 
cutoff  at  A=52°  yield  at  a depth  of  10  g/cm2  less  than 
one-third  as  many  nuclear  bursts  per  primary  particle 
as  the  primaries  entering  at  A = 52°. 

It  should  be  noted  that  the  nuclear  disintegration 
latitude  effect  deduced  from  the  present  measurements 
at  10  g/cm2  does  not  necessarily  apply  at  higher  alti- 
tudes, for  a considerable  portion  of  the  nuclear  bursts 
at  10  g/cm2  is  produced  by  secondaries.  (Note  the  shape 
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some  energy  loss  by  ionization  and  nuclear  collisions  in 
the  residual  atmosphere.  The  magnitudes  of  these 
effects  are  undoubtedly  quite  different  for  the  primary 
protons  of  energy  £>1.6  Bev  entering  at  A = 52°  and 
for  those  of  energy  £<1.6  Bev  which  comprise  the 
additional  proton  intensity  at  A — 69°. 

If  the  multiplicity  of  secondary  nucleon  production 
increases  with  the  energy  of  the  primary > and  the 
probability  of  burst  production  in  the  chamber  wall 
increases  with  the  energy  of  the  incident  particles,  a 
latitude  effect  should  become  apparent  above  10  g/cm2. 
In  this  case  the  low  energy  primaries  at  A = 69°  as  they 
exist  above  th»  atmosphere  could  have  a considerably 
higher  burst-producing  efficiency  relative  to  the  pri- 
maries at  A=52°  than  the  data  at  10  g/cm2  indicate. 

It  is  not  possible  to  deduce  from  the  present  measure- 
ments any  quantitative  information  regarding  the  low 
energy  portion  of  the  heavy  primary  spectrum  because 
a substantial  fraction  of  the  particles  of  atomic  number 
jA 8 in  the  band  of  energies  admitted  between  A = 52° 
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and  A— 69°  (where  the  vertical  cut-off  energies  are  0.57 
Bev  per  nucleon  and  0.025  Bev  per  nucleon,  respec- 
tively) are  absorbed  as  a result  of  energy  loss  by 
ionization  in  the  10  g/crn2  residual  atmosphere  above 
the  apparatus, 
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ABSTRACT 

Tin*  characteristic  radiations  of  the  36-hr.  rhcxlium  (105)  have  (xen  inves 
ligated  with  the  u ^ o*  conventional  absorption  and  roinridenre  methods.  The 
beta  rays  werr  fount!  to  nave  a maxmmni  energy  of  0.55  Mcv.,  and  the  gamma 
rays  a quantum  energy  of  M)..t  Mcv.  The  I»eta*gamnu4  coincidence  rate  of  Rh*4 
indicated  that  less  than  8 per  rent  of  the  beta  rays  arc  coupled  with  the  gamma  ray. 

iirraoDUcnoH 

When  ruthenium  is  irradiated  by  slow  neutrons,  two  radioactive 
isotopes  of  ruthenium  are  formed,  the  42-day  Ru,w  and  the  4.5-hr. 
Ru,os.  The  42-day  activity  decays  to  stable  Rh10*,  but  the  4.5-hr. 
period  forms  as  its  daughter  clement,  the  36-hr.  Rh108  which  in  turn 
decays  to  stable  Pd108.  The  radiations  of  the  36-hr.  Rh10*  have  been 
previously  examined  by  several  groups  of  investigators  (l)1,  with  the 
use  of  conventional  absorption  metnods.  Observations  on  the  char- 
acteristic radiations  of  Rh101  were  also  reported  upon  briefly  by  the 
writers  (2),  who  found  a l)eta  ray  of  energy  ~0.6  Mev.  and  a gamma  ray 
of  energy  ~0.3  Mev.  Approximately  the  same  beta  ray  energy  had 
been  previously  rei>orted  by  all  the  investigators  of  reference  i,  and 
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Gladrow  (1).  Subsequent  to  all  of  the  above-mentioned  investigations, 
spcctromctric  and  coincidence  measurements  were  carried  out  on  the 
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mined  the  beta  ray  energy  as  0.570  ± 0.005  Mev.,  but  who  did  not 
observe  any  gamma  rays.  Following  the  report  by  Duffield  and  Langer 
(3),  the  writers  obtained  a second  source  of  Rh,0i  for  further  study. 
The  results  were  essentially  the  same  as  those  first  obtained  (2).  The 
discussion  which  is  to  follow  will  concern  itself  with  data  resulting 
from  observations  on  l>oth  sources. 


PHOCBDURB  AND  SBSULTS 

The  36-hr.  rhodium  (105)  was  grown  from  its  4.5-hr.  ruthenium 
parent  when  metallic  ruthenium  was  irradiated  by  slow  neutrons  in 
the  Oak  Ridge  pile.  For  the  first  sample  of  rhodium,  the  time  of 
irradiation  was  24  hr.  This  time  was  reduced  to  10  hr.  when  the  second 

* Assisted  by  the  joint  program  of  the  ONR  and  the  AEC. 

* Bartol  Research  Foundation  of  The  Franklin  Institute,  Swarthmore,  Pa. 

* The  boldface,  numbers  in  parentheses  refer  to  the  references  appended  to  this  paper. 
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material  was  irradiated  almost  a year  later.  The:  same 
diem  leal  procedure  was  employed  in  tile  rase  of  l«»th  sources.  The 
ruthenium  target  material  was  purified  before  exposure  by  distillation 
of  UuO*  from  a pcrdiloric-suifurie  arid  solution  of  chemically  pure 
RtiC'Is.  After  irradiation  ui  the  pile,  Ru  was  dissolved  in  a mixture  of 
10  parts  rone.  IIC1,  1 part  rone.  IINU3|  at  UiO°  C.  Rhodium  carrier 
was  added  t«»  the  Ru  solution,  and  HttC >4  was  distilled  from  a jjerchloric- 
sulfuric  acid  solution.  Inactive  KuC'U  was  added  to  the  residue  and 
another  Ru(h  distillation  effected.  The  residue  in  the  distillation 
flask  was  diluted  to  1 M in  arid  and  treated  while  hot  with  magnesium 


powder  to  precipitate  rhodium.  After  dissolving  excess  magnesium  in 
HC1,  the  suspension  was  filtered,  the  rhodium  washed  with  HCI,  hot 
water,  alcohol,  and  ether,  then  dried. 

The  activity  of  the  36-hr.  rhodium  was  followed  for  more  than  300 
hr.  as  shown  in  Fig.  1.  The  half-period  taken  from  the  slope  of  the 
curve  was  calculated  to  be  36.8  hr.  A faint  residual  activity  of  long 
half-period  is  clearly  present,  and  this  is  assigned  to  the  presence  of  a 
trace  of  the  42-day  Ru103.  This  decay  curve  was  considered  as  good 
evidence  for  high  purity  of  the  source.  Using  a thin  source  of  the 
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purified  Rhw\  the  ix'ta  ray  activity  was  absotlwd  in  aluminum  in  a 
thin  window  “bubble”  counter  as  shown  in  Fig.  2,  The  absorption 
limit  occurs  at  170  mg. /cm.9,  corresjjondiug  to  a.  maximum  beta  ray 
energy  of  0.S5  MevA 

To  investigate  the  nature  of  the  quantum  radiations  emitted  in 
the  decay  of  Khw\  an  .absorption  curve  in  iead  was  carried  out  before  a 
single  Geiger- Mueller  counter,  just  sufficient  aluminum  was  placed 
before  the  counter  at  tin:  outset  of  the  measurements  to  stop  all  of  the 
beta  rays  f>cing  emitted  by  the  source.  In  this  way,  only  the  quantum 
radiations  were  counted.  This  lead-absorption  curve  of  the  gamma 
radiation  is  shown  in  Fig.  3,  where  two  components  are  clearly  present. 
The  softer  component  is  in  the  region  of  X-rays  or  bremsstrahiung 
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Fig*  4.  The  beta-gamma  coincidence  rate  of  Rhia*  as  a function  of  the  surface  density  of 
aiuminum  placed  before  the  beta  ray  counter. 


whereas  the  harder  component  has  an  energy  calculated  from  the  slope 
of  the  curve  as  0J6  Mev.  The  quantum  radiations  indicated  by  this 
curve  are  in  good  agreement  with  the  findings  of  Sullivan,  Sleight,  and 
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When  a source  of  the  purified  RhlCi  was  placed  between  two  Geiger 
counters  in  coincidence,  the  beta-gamma  coincidence  curve  of  Fig.  4 
was  obtained.  The  coincidence  rate  was  very  small,  and  the  points 
beyond  60  mg./'em.5  are  essentially  without  meaning,  because  of  their 
great  statistical  probable  errors.  The  general  trend  of  the  points 
below  60  mg./'em.2  is  downward,  indicating  that  the  gamma  ray  of 
Rh,M  is  coupled  with  an  inner  beta  ray  group.  The  gamma  ray  counter 
of  the  beta-gamma  coincidence  counting  arrangement  was  calibrated 
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by  the  liot.T -gamma  coincidence  rate  of  Sr,4®.  From  the  calibration,  it 
was  calculated  that  the  beta  gamma  coincidence  rate  of  Uli,w  at  zero 
absoiiver  thickness  (^0.04  ;<  10  s coincidence  jh-r  beta  ruy^  is  what 
would  be  exacted,  were  gamma  rays  of  energy  ^0.3  Mev.  coupled 
with  not  more  than  8 par  cent  of  the  liota  rays. 

The  data  of  the  first  four  figures  of  this  pajicr  were  taken  with  the 
use  of  the  first  source  of  Rh,os  obtained  from  Oak  Ridge. 

Since  a question  had  arisen  whether  quantum  radiations  were 
present  at  ail  in  the  decay  of  rhodium  (105)  (3),  the  second  source  of 
radioactive  material  was  procured  from  Oak  Ridge  lor  a more  caretui 
consideration  of  the  gamma  ray  activity.  The  target  material  was 
irradiated  for  only  10  hr.  in  the  pile,  and  afier  chemical  purification, 
was  placed  between  two  blocks  of  aluminum,  each  having  a surface 


density  of  1.7  g./cm.*.  This  aluminum  thickness  was,  of  course,  far 
more  than  sufficient  to  stop  the  beta  rays  of  Rh,w.  Adjacent  to  either 
aluminum  block  was  placed  a Gciger-Mueller  tube,  having  glass  walls 
of  thickness  0.1  cm.  and  copper  cathodes  of  wall  thickness  0.013  cm. 
In  one  counter,  the  half-period  of  the  quantum  radiations  being  emitted 
by  the  source  of  Rh105  was  measured:  with  the  other,  absorption  rums 
in  lead  of  the  gamma  rays  were  obtained.  The  decay  curve  of  the 
gamma  ray  activity  of  RhI0S  was  followed  for  three  half-periods  and  is 
shown  in  Fig.  5.  The  half-period,  taken  from  the  slope  of  the  curve  is 
35  ± i hr.  Two  lead  absorption  curves  for  the  gamma,  rays  of  Rh104 
are  shown  in  Fig.  5.  The  first  of  these  curves  was  taken  at  the  begin- 
ning of  the  decay  curve  of  Fig.  5,  and  the  second  curve  was  obtained 
forty  hours  later.  The  quantum  energy  taken  from  the  slope  of  the 
curves  is  0.3  Mev.  These  curves  differ  from  that  of  Fig.  3 in  that  the 
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softer  cornjxMient  has  now  tliri;ipiM*;ir«jcl  ami  the  hIojkj  of  the  curve  for 
the  hard  com  j ament  is  such  as  to  suggest  a quantum  energy  of  0.30 
Mev.  rather  than  0.36  Muv.  Absence  of  the  softer  ronqxment  is 
explained  by  the  fact  that  the  thick  block  of  aluminum  was  used  before 
the  gamma  ray  counter  in  the  second  measurement,  '{‘he  change:  in 
slope  to  give  the  differing  quantum  energies  is  explained  by  the  fact 
that  the  geometries  of  the  two  sets  of  lead  absorption  measurements 
were  vastly  different.  It  is  thought  that  the  same  gamma  ray  is 
certainly  involved  in  Ixith  instances. 
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Fig.  6.  Absorption  in  lead  of  the  gamma  rays  emitted  in  the  disintegration 
of  the  second  source  of  Rh***. 

The  question  arose  whether  the  presence  of  quantum  radiations 
might  be  accounted  for  by  bremsstrahlung  effects.  This  seemed  to  be 
an  unlikely  explanation  for  the  presence  of  the  gamma  rays,  because 
the  mean  energy  of  the  beta  rays  from  RhIM  is  only  0,2  Mev  A However, 
to  show  positively  that  the  results  are  not  in  any  way  related  to  the 
presence  of  brem&strahlung,  comparative  measurements  were  carried 
out,  using  the  beta  spectrum  of  RaE.  The  source  of  Rh1M,  the  gamma 
ray  activity  of  which  had  been  followed  for  three  half-periods,  was 
placed  before  a thin  window  “bubble”  counter.  The  beta  ray  counting 
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rate  was  observed,  and  after  0.1  nn.  of  lead  had  lieen  placed  lie  fore 
the  counter,  the  gamma  ray  activity  was  likewise  noted.  The  source 
of  Rh|pi  was  removed;  a source  of  Ra  (I)  f 1C  4*  I')  wan  jxisi lionet  1 to 
give  the  same  ln'ta  ray  counting  rate  as  was  previously  observed  for 
Rli105,  and  the  same  sheet  of  lead  was  placed  over  the  counter  to  observe 
the  residual  counting  rate.  'The  data  are  given  ill  Table  1 where  it  is 


Taih.I’  ! (inns  Count  in  % Hates  (per  xtinulr). 

HackKroiiitd  Ha  (1)  ± !'•  4-  F)  Hhu* 

37.5  ± 3 39  ±4.5  116  ±4 


u\  ci:ci 

A j Vlill 


not 


clear  that  although  the  counting  rate  from  Ra  (I)  4 E 4 
exceed  the  background  count,  that  of  Rh,w  was  three  times  greater. 
Were  the  quantum  radiations  which  were  detected  in  the  counter 
originating  from  bremsstrnhlung  production  in  the  lead  sheet,  the 
counting  rate  from  Ra  (I)  4-  E + F)  should  have  been  the  larger, 
because  the  beta  rays  .of  RaE  have  a maximum  energy  of  1.17  Mev. 
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Bartol  Research  Foundation  of  the  Franklin  Institute, 
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JN  the  study  of  delayed  nuclear  reactions,  consideration  must 
JL  be  given  to  the  time  required  for  circuits  and  couuters  to 
respond.  It  is  the  purpose  of  this  experiment  to  show  that  G-M 
counters,  as  small  as  those  used  here,  can  have  a maximum  delay 
time  which  is  no  greater  than  4X  1Q~*  sec.  Work  performed 
in  this  laboratory  by  n . Steve~scn  on  Co» ncuicricc  T'lt/is  Jy  clays  *n 
Geiger  Counters1  has  been  extended.  The  method  employed  in 
these  investigations  consisted  of  measuring  the  double  coincident 
rate  as  a function  of  the  time  separation  of  the  coincident  dis- 
charges. The  procedure  was  such  that  the  maximum  time  differ- 
ence to  be  expected  in  the  observed  distribution  corresponds  to 
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me  formation  of  an  ion  pair  near  the  wire  of  counter  2 and  the 
simultaneous  formation  of  an  ion  pair  at  the  cathode  of  counter 
1 (Fig.  1).  Several  circuit  changes  have  beer,  made  so  that  time 
differences  as  short  as  iXlCY3  sec  can  be  reliably  measured. 
The  geometry  of  the  experiment  was  similar  to  that  used  by 
Stevenson. 

In  low  values  of  electric  fields  electron  mobilities  are  constant, 
and  thus  one  might  expect  that  if  the  counter  diameter  were 
halved,  the  delay  time  would  be  quartered.  However,  in  the 
electric  fields  which  exist  in  these  argon-ether  counters,  the 
electron  velocity',  not  the  mobility,  is  constant  over  the  greater 
portion  cf  the  path;5  therefore,  when  the  counter  diameter  is 
halved,  the  maximum  delay  time  is  halved  also.  Calculations 
based  on  this  constant  velocity  were  made  for  these  small  counters 
(7 -mm  diameter)  and  resulted  in  maximum  transit  times  of 
4.4XlO~g  sec.  Figure  1,  curve  A,  show's  that  the  maximum 
measured  delay  time  for  these  small  counters  is  4.0X10"8  sec. 
Curve  B is  for  the  same  counters  that  Stevenson1  used  and  shows 
the  leveling- off  in  the  number  of  counts  in  the  short  time  region, 
thus  extending  his  data  to  shorter  times  and  showing  the  existence 
of  the  maximum  in  the  distribution  curve  suggested  by  his  data. 
Both  cf  these  curves  indicate  that  there  is  a most  probable  time 
cf  delay.  The  values  may  be  found  by  taking  the  first  derivatives 
of  the  curves  shown. 

in  conclusion,  decreasing  the  diameter  of  these  counters 
decreases  the  maximum  time  delay  proportionally,  thereby  in- 
creasing the  usefulness  of  counters  for  measurements  in  the 
short  time  region.  This  experiment  also  further  verifies  the  fact 
that  electron  velocities  are  constant  in  argon-ether  for  values  of 
electric  fields  found  in  these  counters. 

* Assisted  by  the  joint  program  of  the  ON’R  a ad  AEC. 

• A.  Stevenson,  Rev.  Sci.  lastr.  23.  53  £1952). 

1 A.  Stevenson.  Rev.  Sci.  Instr.  23.  93  (1552). 


Fig.  1. 
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IT  is  obvious  from  the  observations  Stevenson  has  published 
in  two  preceding  papers  that  the  initial  lag  in  a counter  may  be 
reduced  by  the  proper  choice  of  gas  mixture.  The  form  of  his 
velocity  curves  also  makes  it  possible  to  anticipate  the  approxi- 
mate magnitude  of  the  improvement  to  be  gained  by  a reduction 
in  counter  diameter  for  the  two  gas  mixtures  investigated.  In 
addition,  it  is  clear  that  in  coincidence  work  these  lags  would  place 
no  limitation  on  very  short  time  applications  provided  the  initiat- 
ing electrons  in  coincident  counters  are  created  at  the  same  dis- 
tance from  the  counter  wires.  In  this  case  each  coincident  channel 
is  lagged  by  the  same  amount,  and  any  measured  lag  indicates  the 
correct  retardation  in  the  formation  of  the  electrons.1  This  fact 
adds  importance  to  scintillation  G-M  counters  of  the  type  now 
being  developed  by  C.  E.  Mandeville.  When  such  counters  are 
used  in  coincidence,  transit  lags  cancel  out,  since  the  electrons 
produced  in  similar  counters  both  start  from  the  cathode. 

While  the  electron  velocity  measurements  of  Stevenson  do  not 
give  values  of  E/p  for  the  intense  fields  near  the  wire,  they  make 
it  possible  to  estimate  maximum  times  with  fair  accuracy.  A con- 
sideration of  the  field  in  a tube  indicates  that  over  most  of  its 
path  an  electron  is  moving  at  nearly  constant  velocity.  The 
maximum  lag  (Fig.  1)  is  9.6X10-8  sec.  This  measurement 
gives  an  average  velocity  of  7.8X10®  cm/sec,  a value  which  is 
acceptable  if  the  degree  of  constancy  observed  over  the  region 


Fig.  2.  Solid  line  calculated  from  51 -I'll 

(r-T* ) j where  5 =iakrt  “ “**i**t  T *~Uakre~**ak'1ltt  #—9pecific 
ionization  at  atmospheric  pressure;  a where  p — total  pressure  of  gas, 

09 -atmospheric  pressure;  **k  1 —average  number  of  ions  per  beta-particle; 
v —constant  velocity  of  7.8  X10*  cm  per  sec;  and  r —radius  of  counter. 

E/P=3. 0 To  F,/F  = R, 3 is  maintained  to  E/P  of  about  fifteen. 
Very  near  the  wire  where  E/P  is  large,  a sharp  rise  in  velocity 
should  occur.  However,  the  transit  time  in  this  region  is  negligible. 

An  exact  calculation  of  the  distribution  of  lags  in  time  is  im- 
possible, because  the  scattering  of  0-particles  in  the  counters 
results  in  an  unknown  distribution  of  path  lengths.  However,  the 
general  nature  of  the  picture  can  be  anticipated  if  one  assumes  a 
constant  velocity  and  at  most,  small  angle  scattering.  The  problem 
also  may  be  solved  in  the  special  case  where  scattering  is  suffi- 
ciently complete  to  give  0-particles  a uniform  angular  distribution 
in  each  tube.  Little  scattering  was  assumed  in  arriving  at  the 
expression  for  P in  Fig.  2.  This  expression  is  in  fair  agreement  with 
Stevenson’s  data.  A consideration  of  first  derivatives  indicates 
that  the  distribution  function  has  a maximum  in  the  neighborhood 
of  3.0X10“*  sec.  The  experimental  data  (Fig.  i,  Stevenson3s 
second  letter)  suggests  that  a maximum  should  occur  between 
t = 0 and  t = 4.0X  10~8  sec. 

* Assisted  by  th»*  joint  program  of  the  OMR  cud  AEC- 

1 i his  etatemenc  implies  that  the  initial  currents  in  tne  col  uaoa.L 
or  are  sufficiently  large  to  trigger  the  circuit  in  the  time  concerned.  Actually, 
current  time  studies  in  the  short  time  region  indicate  that  as  far  as  current 
is  involved,  a properly  constructed  coincidence  unit  should  permit  the 
measurement  of  retardations  down  to  10^c  oec 
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IN  the  two  preceding  letters1  of  this  issue  of  the  Review  of 
Scientific  Instruments , results  are  given  upon  which  the 
writer  wishes  to  make  some  comments,  Stevenson  has  shown  by 
direct  measurement  that  electron  velocities  vary  widely,  depend- 
ing upon  the  organic  gas  used  in  self-quenching  tubes,  and  in 
particular  that  the  velocity  is  about  a factor  of  two  greater  in  the 
argon-ether  mixture  than  in  the  argon-butane  one.  This  fact  was 
also  noted  in  1947  by  an  indirect  method  when  G-M  tubes  of  the 
same  dimensions  as  those  of  Stevenson’s  were  employed  in 
genuine  coincidence  loss  measure  men  ts* 5 At  that  time,  it  was 
found  that  the  argon-butane  mixture  could  not  be  used  without 
loss  at  a coincidence  resolving  time  of  less  than  0.2  microsecond,2 
whereas  the  resolving  time  could  be  reduced  to  0.08  microsecond 
without  loss,  using  the  argon-ether  mixture.3  This  observation  of 
difference  in  behavior  of  ether  and  butane  is  in  complete  agree- 
ment with  those  of  the  first  of  the  two  preceding  letters.  The 
coincidence  loss  measurements5  were  made  in  a G-M  tube  arrange- 
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rays  penetrated  the  two  counters  uniformly  over  their  entire 
volume,  and  the  walls  of  each  counter  had  a uniform  thickness 
of  25  rag/cms.  The  observation  of  no  coincidence  loss  in  argon- 
ether  at  0.08  microsecond  agrees  with  the  conclusion  of  Steven- 
son’s second  note  which  shows  that  the  maximum  delay  time  in 
the  argon-ether  mixture  is  <10_7sec.  In  another  note,4  it  was 
stated  that  no  genuine  coincidence  loss  was  observed  in  the  beta- 
gamma  coincidence  rate  of  AuiSS  when  the  coincidence  resolving 
time  was  decreased  to  0.035 ±0.005  microsecond.  In  this  coin- 
cidence counting  arrangement,  the  gamma-ray  counter  was  an 
argon-ether  tube  of  the  glass-Aquadag  type,  having  a diameter  of 
1.3  cm.  The  beta-ray  tube  was  the  thin  “bubble”  end-window  type, 
having  a cathode  diameter  of  0.9  cm.  The  beta-ravs  were  fired 
along  the  axis  or  the  cathode,  paiallel  to  the  ceuual  wixe.  Iu 
making  the  beta-gamma  measurements  on  Au133,  fifty  to  sixty 
coincidences  were  observed  at  each  resolving  time  as  the  resolving 
time  was  reduced  from  one  microsecond  to  0.035  microsecond  in 
steps  of  0.25  microsecond.  The  coincidence  rate  at  0,035  micro- 
second was  about  twenty  percent  less  than  that  at  one  micro- 
second, but  the  decrease  was  attributed  to  statistical  probable 
error  and  was  not  regarded  as  evidence  of  a metastable  state  in 


Au1M  or  as  an  indication  of  genuine  coincidence  loss  arising  from 
time  delays  in  the  coincident  G-M  tubes. 

The  observation  of  relatively  small  genuine  coincidence  loss  at 
0.035  microsecond  is  consistent  with  the  data  of  Stevenson’s 
second  note,  because  the  counter  diameters  were  smaller  than 
those  of  his  measurements.  During  the  past  four  years,  a consider- 
able number  of  radio  elements  have  been  investigated  in  this 
laboratory  by  the  coincidence  method.  In  observing  immediate 
coincidences,  a coincidence  resolving  time  of  0.10  microsecond  was 
consistently  employed  to  insure  no  genuine  coincidence  loss.  The 
counters  used  to  uuUiii  Lhe  data  of  Stevenson’s  second  letter  were 
chosen  at  random  from  the  supply  of  a counters  used  by  the  writer 
during  the  course  of  the  coincidence  investigations  of  radioactive 
decay  schemes. 

It  is  the  purpose  of  this  letter  to  emphasize  the  fact  that  under 
suitable  conditions,  very  short  coincidence  resolving  times  may  be 
used  with  no  coincidence  loss,  in  connection  with  coincident  G-M 
tubes.  Resolving  times  of  < 10“7  sec  are  easily  obtainable  with 
argon-ether  tubes  of  diameter  1.5  cm.  Smaller  diameters  should 
give  resolving  times  of  ^10“8  sec  without  loss. 

Since  the  time  of  the  earlier  measurements5-4  at  resolving  times 
of  ^0.08  microsecond,  many  private  communications  of  disbelief 
have  been  received.  Papers  on  delay  times  in  G-M  tubes  have 
been  written,  but  no  reference  is  made  to  the  fact  that  the  short 
resolving  times3*4  must  indicate  very  small  time  delays  in  Bartol 
counters.  Review  articles  on  counters  often  devote  several  sections 
to  time  delays  in  G-M  tubes  and  to  the  problem  of  short  resolving 
times,  but  the  measurements  at  <10~7  sec  are  never  discussed. 
It  should  perhaps  be  remarked  that  Bartol  counters  of  the  type 
utilized  by  Stevenson  have  been  used  iu  double  coincidence  in  at 
least  two  university  physics  laboratories  in  circuits  nt”  resolving 
time  ^=10~7  sec  without  genuine  coincidence  loss. 

* Assisted  by  the  joint  program  of  the  ONR  and  AEC. 

1 Alden  Stevenson.  Rev.  Set  Instr.  23,  93  (1952);  Rev.  Sci.  Instr.  23.  93 
(1952). 

* Mandeville  and  Scherb,  unpublished  data  (1947). 

1 Mandeville  and  Scherb-  Phys.  Rev.  73,  90  (1948):  Phys.  Rev,  73,  639 
(1948). 

4 Mandeville  ano  Scherb.  Phys.  Rev.  73.  634  (1948), 
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IN  high  speed  coincidence  counting  employing  Geiger-Mueller 
tubes,  it  is  desirable  to  make  the  resolving  time  of  the  circuits 
as  short  as  possible  in  order  to  record  nuclear  events  separated  by 
short  times  as  well  as  to  reduce  the  number  of  accidental  coinci- 
dences. Clearly  the  ideal  situation  would  be  one  in  which  the  time 
between  the  creation  of  an  ion  in  a counter  and  the  initiation  of  the 
avalanche  would  be  the  same  for  both  counters.  If  such  indeed 
were  the  case,  avalanches  begun  in  two  counters  A and  B , Fig.  1, 
by  an  ionizing  ray  of  great  speed  would  show  no  time  interval 
between  them.  Actually,  the  variation  in  position  where  ion  pairs 
may  be  formed  in  the  two  Geiger  tubes  and  the  finite  transit  time 
needed  for  the  electrons  to  drift  to  the  avalanche  region  bring 
about  departures  from  the  ideai  case,  if,  therefore,  we  should  have 
a means  for  measuring  the  time  interval  between  the  two  counter 
discharges  caused  by  a single  ionizing  ray,  we  should  be  able  to 


obtain  information  on  the  distribution  of  time  delays  to  be 
expected  from  two  counters.  The  experiment  then  consisted  in 
measuring  the  number  of  coincidences  recorded  whose  separation 
in  time  was  larger  than  a certain  value.  Letting  / (/)  be  the  per- 
centage of  the  total  coincidence  counting  rate  observed  to  have  a 
time  delay  greater  than  t,  Fig.  1 shows/  (t)  plotted  against  L 

The  Geiger  tubes  used  were  1.5  cm  in  diameter  and  filled  with 
the  argon*ether  mixture  to  a total  pressure  of  7 cm  Hg.  They  were 
operated  at  70  volts  above  the  threshold.  The  central  wires  of  the 
counters  were  made  of  tungsten  and  had  a diameter  of  0.003  in. 
The  delay  times  between  two  Geiger  lube  pulses  resulting  in  a 
coincidence  were  measured  by  employing  a modification  of  a 
circuit  developed  by  W.  E.  Ramsey.1  The  circuit,  designed  to  be 
operated  by  the  first  0.2-volt  change  of  the  counter  wire  potential, 
functions  as  an  electronic  switch.  The  discharge  pulse  from  one 
Geiger  tube  causes  a known  plate  current  to  flow  in  a vacuum  tube 
until  this  current  is  shut  off  by  the  discharge  of  the  second  Geiger 
tube.  Hence,  the  integrated  charge  on  a condenser  in  the  vacuum 
tube  plate  is  directly  proportional  to  the  time  elapsed  between 
counter  discharges.  Of  course,  a certain  time  is  necessary  for  au 
avalanche  to  develop  to  the  point  of  operaring  an  electronic  cir 
cuit.  Quite  apart  from  the  fact  that  this  time  may  be  expected  to 
be  the  same  for  both  counters,  an  independent  investigation  by  W. 
E.  Ramsey  (as  yet  unpublished)  indicates  that  the  time  necessary 
to  charge  the  counter  wire  to  a potential  of  0,2  volt  is  very  short 
compared  to  4X 10-8  sec.  By  employing  a coaxial  delay  line  of 
variable  length,  simulated  Geiger  pulses  could  be  imposed  on  the 
timing  circuit  in  such  a way  as  to  provide  calibration  and  a con- 
venient check. 

The  procedure  was  such  that  the  maximum  difference  to  be 
expected  in  the  plotted  distribution  corresponds  to  an  ion  pair 
formed  near  the  wire  of  counter  B and  a simultaneous  pair  formed 
at  the  cathode  of  tube  A . One  can  conclude  from  the  evidence  of 
the  experiment  that  the  transit  time  of  an  electron  from  the 
cathode  to  the  avalanche  region  is  not  in  excess  of  10-7  sec.  It 
is  not  unreasonable  to  suppose  in  the  light  of  the  previous  velocity' 
measurements,  that  by  choosing  good  gas  mixtures  and  reducing 
the  cathode  diameter,  one  could  decrease  the  maximum  coinci- 
cidence  delay  time  to  about  10-8  sec  or  less. 

The  author  wishes  to  express  his  appreciation  to  Mr.  Ramsey 
for  his  constant  interest  and  advice  during  the  course  of  the 
research. 

9 Assisted  by  the  joint  program  of  *.he  ONR  and  AEC. 

; w\  t.  Ramsey.  Phy».  Rev.  57,  1012  (1940). 
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LACKING  quantitative  theoretical  prediction,  experimentally 
determined  plots  of  electron  velocities  as  a function  of  field 
intensity  have  become  increasingly  valuable  in  selecting  gas 
mixtures  for  use  in  Geiger  counters  with  short  delay  times.  With 
this  in  mind  there  was  developed  a new  method  for  measuring 
these  velocities,  involving  a simplicity  of  design  which  would 
afford  a convenient  technique. 

A schematic  diagram  of  the  apparatus  is  shown  in  Fig.  l.  The 
three  principal  electrodes  A , £,  and  Ct  made  of  spun  copper,  were 
mounted  inside  a 3-inch  diameter  Pyrex  tube.  The  anode  wire 
leads  of  counters  1 and  2 were  placed  in  such  a way  as  to  reduce 
their  mutual  electrostatic  coupling.  By  imposing  a field  of  200 
volts/cm  between  electrodes  A and  Bt  electrons  created  in  the 
gas  by  the  ionization  of  beta- rays  that  have  passed  through  the 
thin  window  were  accelerated  toward  B.  Some  of  these  electrons 
were  admitted  simultaneously  through  the  two  slits  in  B.  One 
such  electron  may  initiate  a discharge  in  counter  2 when  it  arrives 
at  the  wire.  Another  after  passing  through  the  slit  opposite  the 
fine  wire  grid  of  counter  I moves  in  a uniform  field  until  it  arrives 
at  C.  By  using  a suitable  timing  circuit  to  measure  the  elapsed 
time  between  the  pulse  from  counter  2 and  that  from  1,  the  transit 
time  from  B to  C was  directly  established.  Cire  was  taken  to  make 
the  counters  of  the  same  dimensions  to  keep  their  discharge 
characteristics  similar.  Uncertainty  in  tnc  origin,  of  the  electrons 
between  A and  B caused  an  observed  distribution  of  about  20 
percent  at  the  shortest  transit  times  measured. 


Fig.  1.  Schematic  digram  of  the  coincidence  counting  arrangement 
used  to  measure  electron  velocities. 


Fig.  2.  Velocity  of  electrons  as  a function  of  E/p  and  the  counter  gas. 

The  experimental  results  are  given  in  Fig.  2.  The  partial  pres- 
sures of  the  two  gas  mixtures  used  were:  61-mm  argon  with  1 Frum 
ether  and  103-mm  argon  with  17-mm  butane.  The  curves  clearly 
mdicate  the  superiority  of  argon-ether  mixture  over  the  argon- 
butane  mixture — a result  established  qualitatively  by  coincidence 
resolving- time  measurements  made  at  the  Bartoi  Foundation.1 
Other  evidence  of  the  levtiing-off  of  electron  velocity  curves  as 
well  as  actual  decreases  in  velocity  for  higher  values  of  E/p  have 
been  recorded  by  Rossi  and  Staub.2  Tne  upper  limit  of  the  value  of 
the  field  obtainable  was  imposed  by  arcing  across  between  two 
internal  leads  (not  shown)  to  the  electrodes.  By  care  in  design,  the 
procedure  should  be  capable  of  measuring  velocities  up  to  15  or 
20  for  £/ py  thus  enabling  the  transit  time  of  an  electron  traversing 
a counter  radius  to  be  computed  for  distances  considerably 
than  2 mm  from  the  anode  wire. 

The  writer  wishes  to  express  his  particular  appreciaiion  to  Mr. 
Yv.  E.  Ramsey  for  having  designed  the  experimental  tube  with 
which  the  investigations  were  carried  out  and  for  discussions  and 
advice  throughout  the  course  of  the  work. 

* Assisted  by  the  joint  program  cf  the  ONR  and  A EC* 

1 C.  E.  Mandeville  and  M.  V.  Scherb.  unpublished  data  (1947). 

8 B.  B,  Rossi  and  H.  H.  Staub,  Ionization  Chambers  and  Counters 
(McGraw-Hill  Book  Company,  Inc.,  New  York,  1949).  pp.  11  and  14. 
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The  neutron  spectra  from  deuterons  on  silicon  have  been  studied  by  the  method  of  recoil  protons  and 
photographic  plates.  Thick  isotopic  targets  of  the  three  separated  isotopes  of  silicon  were  irradiated  by 
deuterons  of  energy  1,4  Mev,  supplied  by  the  Bar*ol  Van  de  Graaff  statitron,  observations  being  carried 
out  at  angles  of  zero  and  ninety  degrees  with  the  incident  deuterons.  Q-values,  from  which  energy  levels 
in  the  residual  nuclei  of  phosphorous  may  be  calculated,  are  as  follows: 


Reaction 
Si«(rf,n)P« 
Si  "(driV™ 
SiMW,n)P31 


0-values  (Mev) 

0.29 

3.27,2.52,  1.81,  1,27 
4.92,  4.59,  3.73,  2,70}  1.51 


The  estimated  probable  error  in  the  Q- values  is  40  kev. 


INHERE  are  three  stabie  isotopes  of  silicon,  Si2S, 
Si29,  and  Si30,  having  respectively  relative  abun- 
dances of  92,28  percent,  4.67  percent,  and  3,05  percent. 
When  these  elements  are  irradiated  by  deuterons, 
neutrons  are  emitted  in  the  following  three  reactions. 

(1)  cf— >P29-b nl+Qi, 

(2)  Si29+t/->P30+^l+g2, 

(3)  Si™+d->J>*'+nl+Q3. 

4 Assisted  by  the  joint  program  of  the  OMR  and  AEC, 
t Calcutta.  India.  Guest  physicist,  Bartol  Research  Foundation. 
1951. 

tThe  contribution  of  D.  M.  Van  Patter  to  this  article  consists 
uf  ujc  pi  cp.ii iitiuii  of  the  Appendix, 


Naturally  occurring  silicon  1 1 clo  been  previously  bom- 
barded with  deuterons  to  observe  the  neutron  spectra.1 
However,  because  of  the  element  of  ambiguity  intro- 
duced by  the  presence  of  the  mixture  of  isotopes,  the 
data  are  difficult  of  interpretation.  To  reinvestigate 
the  above  three  react  ions,  ^quantities  of  the  separated 
isotopes,  in  the  form  of  silicon  dioxide,  were  obtained 
from  the  Y-12  plant,  Carbide  and  Carbon  Chemicals 
Division,  Union  Carbide  and  Carbon  Corporation,  Oak 
Ridge,  Tennessee,  The  mass  analyses  of  the  various 
targets  are  shown  in  Table  I. 
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Table  l Isotopic  analysis  of  target  materials. 


Tabl£  II.  Ground-state  0-values  for  Sisp(i,L.)P;9. 


SilS  SiiS  SP° 


Isotopo 

Percent 

Isotope 

Percent 

Isotope 

Percent 

'^28~ 

99.4 

28 

29.1 

28 

40.97 

29 

0.4 

29 

68.6 

29 

2.44 

30 

0.2 

30 

2.2 

30 

56.59 

Thick  isotopic  targets  of  the  separated  isotopes  of 
silicon  were  irradiated  by  deuterons  of  energy  1.40  Mev, 
supplied  by  the  Bartol  Van  de  Graaff  statitron.  The 
neutrons  emitted  in  the  three  reactions  above  were 

i*a  rl  i w\  'P  n r*  i i«v%  n m M A 1 a & a a 1 a M ^ A >)  a i - ^ a v . — J 

IV^VIUVU  t±x  HfUrO t ti-lOri-  n 1/i  Jpiaica  iO^dLCLi  dl  AC1U  cl  1 IU 

ninety  degrees  with  the  incident  deuterons. 

In  evaluating  the  energies  of  the  neutron  groups  of 
all  of  the  three  reactions  above,  two  procedures  have 
been  employed.  One  has  been  to  apply  the  range-energy 
relation  of  Lattes,  Fowler,  and  Cuer2  to  NTA  plates, 
increasing  the  observed  energy  by  two  percent  to  allow 
for  an  acceptance  angle  of  twelve  degrees  in  the  forward 
direction;  the  other  has  consisted  in  decreasing  the 
result  of  the  first  method  by  an  amount  indicated  by  a 
recently  obtained  calibration  curve8  for  NTA  plates, 
and  increasing  it  to  take  into  account  the  use  of  a thick 
target.4  The  latter  procedure  has  been  considered  to 
give  the  preferable  result.  The  procedures  of  evaluation 
described  above  will  be  referred  to  respectively  as 
Method  I and  Method  II. 


(Lvalue  (Mev) 


Method  I Method  IJ 

0.36  it 0.04  0.29  ^bO. 04 


are  present.  These  are  thought  to  result  from  the 
bombardment  of  ‘‘low  Z ” contaminants  on  the  v/alls 
of  the  vacuum  tube  and  of  the  magnet  box  between 
the  poles  of  the  beam  focusing  magnet  of  the  Van  de 
Graaff  statitron.  Plates  in  the  forward  direction  are 
sensitive  to  neutrons  emanating  from  these  points, 
whereas  the  plates  at  ninety  deg  roes  Lo  the  beam  are 
perpendicular  to  their  direction  of  emission  and  hence 
do  not  record  their  recoil  protons  in  the  acceptable 
sense.  This  point  is  born  out  by  the  fact  that  no 
appreciable  evidence  of  the  presence  of  neutrons  beyond 
those  of  the  ground  state  is  apparent  in  the  data 
obtained  at  ninety  degrees.  The  data  of  Fig.  1 are 
summarized  in  Table  II. 

The  (Lvalues  of  Table  IT  are  means  of  those  calcu- 
lated at  each  of  the  two  angles  of  observation.  It  is  to 
be  noted  that  they  are  in  disagreement  with  the  previ- 
ously reported  (Lvalue  of  — 0.80rt0,10  Mev,1  and  with 
those  values  calculated  from  other  reactions  and  from 
mass  values  (see  Appendix), 

Si29(d,n)PS0 


Si  28(rf1n)P29 

The  energy  spectrum  of  the  acceptable  recoil  protons 
of  the  neutrons  emitted  in  the  reaction  Si28(<f,w)P29  is 
shown  in  Fig.  1.  Observations  were  carried  out  at  zero 
degrees  and  ninety  degrees  in  the  laboratory  system  of 
coordinate  axes.  As  indicated  in  the  figure,  two  groups 
of  neutrons  appear  at  both  angles  of  observation.  The 
group  of  lower  energy  is  assigned  to  the  reaction 
The  more  energetic  is  thought  to  be  related 
to  the  formation  of  P29  in  its  ground  state.  In  the  for- 
ward direction,  high  energy  neutrons  of  low  intensity 


Fig.  I.  Recoil  protons  knocked  on  in  the  forward  direction  by  the 
neutrons  from  Si*8 ,»)?”. 

7 Lattes,  Fowler,  and  Cuer,  Proc.  Phys.  Soc.  (London)  £9  883 
(1947).  ^ ' 

- Richards,  Johnson.  Aizenberg,  and  Laubenstein,  Phys.  Rev. 
83,994  (1951)^  ^ 

? S.  C.  Siiuwdon  (to  be  published). 


The  spectra  of  acceptable  recoil  protons  of  the  neu- 
trons emanating  from  Si29(rf,«)P30  are  shown  in  Fig.  2. 
The  most  energetic  group5  is  assigned  to  N14(d,w)01&, 


Fig  2.  Energy  spectrum  of  the  acceptable  recoil  protons  of  the 
neutrons  from  the  reaction  Sia3(rf,«)P30. 


5 The  neutron  group  of  the  nitrogen  reaction  appears  at  zero 
degrees  and  ninety  degrees  in  the  data  relating  to  Si29W,?i)P30 
and  in  the  forward  direction  alone  in  measurements  on  Si30(d,»)P#1. 
The  absence  of  this  group  at  ninety  degrees  in  the  latter  reaction 
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the  least  energetic  one  to  C^djttJN13.  The  ground-state 
group  of  the  reaction  Si?'8(*f,ft)P299  the  reaction  of  the 
preceding  discussion,  is  also  clearly  present.  The  inter- 
mediate groups  are  assigned  to  the  reaction  Si22(df«)P3®. 
The  oata  of  Fig.  2 are  summarized  in  Table  III. 

The  energy  levels  of  F30  in  Table  III  are  calculated 
from  the  preferred  values  of  Method  II. 

Si30(d,n)P31 

The  acceptable  recoil  proton  groups  of  the  neutrons 
irom  Sii0(drn)Vn  are  shown  in  Fig.  3.'6  Here  again,  the 
most  energetic  group,  appearing  at  6.75  Mev  in  the 
forward  direction,  is  assigned  to  N14(d}fi) Ow;  the  least 
energetic  one  to  C12(^,n)N13.  Again,  the  ground-state 
group  of  Si2a(iyrc)P29'  is  present.  The  remaining  groups 
are  assigned  to  Si30(i,,n)Psl.  The  data  of  Fig.  3 are 
summarized  in  Table  IV. § 

The  nuclear  energy  levels  of  P8L  have  been  calculated 
from  the  preferred  Q-values  of  Method  II. 


Table  III.  Q- Values  of  SPf(iJ»)P,°  and  energy  levels  of  Pw. 


Q-values  (Mev) 
Method  I 

Q values  (Mev) 
Method  It 

Excitation  level's 
of  P« 

1.41±0.04 

1.27±0.04 

2.00±0.06 

1.97±0.04 

L81±0.04 

1.46±0.06 

2.68±0.04 

2. 52  ±0.04 

0.7S±0.06  * 

3.51±0.04 

3.27±0.04 

0.00 

CONCLUSIONS 


The  energies  of  the  neutron  groups  from  deuterons 
on  the  separated  isotopes  of  silicon  have  been  measured. 
In  many  instances  the  calculated  energy  levels  of  the 


f«»ei/ttiO'1  t>h/*1b!  t"\Ii /-\er\Vi r\i°Auc  qitpao  ' 
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obtained  (see  reference  1,  Table  II).  The  bearing  of 
the  measurements  upon  the  masses  and  reaction  ener- 
gies of  the  silicon  region  are  discussed  in  the  appendix. 

The  writers  wish  to  acknowledge  the  continued 
interest  of  Dr.  W.  F*  G.  Swann,  Director  of  the  Bartoi 
Research  Foundation. 


is  not  considered  significant,  because  statistical  difficulties  are 
encountered  in  accumulating  acceptable  long  tracks.  From  the 
several  spectra,  an  average  0-value  of  5.ii±U.U4  Mev  i3  calcu- 
lated for  N1*frf,n’iO!*1  using  Method  II  of  the  text.  This  result  Is. 
in  good  agreement  with  the  previously  reported  energy  release  of 
.5.15=bO.Q5  Mev  [W.  M.  Gibson  and  D.  L.  Livesey,  Proc.  Phys. 
Soc.  (London)  60,  523  (1948)]. 

6 The  broken  line  o.f  F;gc.  2 and  3 represents  the  actual  tlistri- 
butmn  of  neutron  energies  corrected  for  variation  with  energy  of 
the  n-p  scattering  cross  section  and  acceptance  probability. 

§ Noie"\uddM  in  proof:  Injeach  of  theu  three^figures,  the  data  at 
zero  and  ninety  degrees  have  not  been  normalized  to  take  into 
account  plate  area  scanned. iNo  information  is[thus  presented  con- 
cerning the  angular  distributions  of  the  neutron  groups.  The  fluc- 
tuation;ofJ!the  intensity  of  the  carbon  group  [relative  to  those  of 
the  other  neutron  groups  is  thought  to  be  related  to  statitron  per- 
formance. Excessive  sparking  and  breakdown  in  the  vacuum  tube 

Irnrro^ro.  tlho  rnrlt/vn  omnfamnVn  f mirt 
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Fig.  3.  Recoil  protons  of  the  neutrons  emitted  in  the 
reaction  Si 


APPENDIX : DISCUSSION  OF  RESULTS 

Recent  precise  measurements7'1  of  nuclear  0-values  involving 
nuclei  with  Z = 10  to  16  have  led  to  a revision  of  masses  in  that 
region. 9,L0  However,  in  many  cases,  the  most  accurate  method  of 
estimating  a given  reaction  energy  involves  the  use  of  mass 

TatKpr  f q to_ r\(  two  ccoc  Tf-  ie  nF  i «.  f or  e.<3#- 

compare  the  Q- values  of  the  ground  states  measured  by  Mande- 
ville,  Swann,  and  Chatterjee  with  the  reaction  energies  which 
can  be  predicted  from  the  measurements  of  other  workers. 

The  Reaction  Si~ (»,*») F*£. — The  end  point  of  the  beta- transition 
P*9— *Si*9  has  been  measured  as  3, 63  ±0.07  Mev11  by  means  of 
cloud  chamber  and  .magnetic  field.  Except  for  the  results  of  the 
present  paper  relating  to  reaction  Sl^^nJP59,  the  beta-transition 
above  is  the  only  link  connecting  the  nucleus  of  P3*  with  other 
nuclei.  Combining  the  total  disintegration  energy  of  the  beta 
transition,  4.65±0.07  Mev,  with  the  reaction  energy  of  the 


Table  IY.  0-values  of  Si30  (i,n) P31  and  energy  levels  of  P®1. 


Q-valu<e«  (Mev) 
Method  I 

0- valuta  (Mev) 
Me  thod  II 

Excitation  levels 
of  PIJ  (Mev) 

1 .64±  0.04 

1.51±0.04 

3.41  ±0.06 

2.2S±Q.04 

2.70±0.04 

2.22  ±0.06 

3.95±0.04 

3.73±0.04 

L19±0.06 

4.79±0.04 

4.59±0.04 

0.33  ±0.06 

5.16±0.04 

4.92±0.04 

0.00 

7 Strait,  Van  Patter,  Buechner.  and  Sperduto.  Phys.  Rev.  81. 
747  (1951). 

8 W.  W.  Buechner,  el  aLt  M.X.T.  report.  Laboratory  for  Nuclear 
Science  and  Engineering  (May  31,  1951). 

* H.  T.  Mots,  Phys.  Rev.  81,  1061  (1951). 

16  A.  FI.  VVapstra,  to  be  published. 

11  white,  Creufz,  Delsasso,  and  Wilson,  Phys.  Rev.  59,  63 

r i r>^i  l v 


196 


A N D VAN  P A T T E R 


C H A T T E R J E E t 


M A N D E VILLE,  S W A N N , 
Table  AX  0- '/clues  in  Mev. 


Calculated  from  Calculated 

Reaction  Observed  nuclear  reactions  from  maseas 


Si  0-2940.04  0.8140.07  0.8140.09 

Si29(d,»)P30  3.2740.04  3.2540.18  3.2440.11 

5i55{d,«)Fl  4.924:0.04  5.084:0.02  5.0340.06 


reaction  Si88(d,£)Sii9,  6.24640.007  Mev,7  and  with  the  neutron- 
proton  mass  difference  of  0.78240.001  Mev,15  a reaction  energy 

0. 814:0,07  Jvlev  may  be  calculated  for  the  reaction  Siz6(rf,K)P33. 
The  Reaction  Si4#(rf,«)P30. — The  0-value  for  the  formation  of 

P30  in  the  ground  state  in  the  reaction  S?®{i,«)Psa  may  he  calcu- 
lated from  each  of  two  independent  cycles  of  nuclear  reactions. 

1.  (a)  P»+7-*P40+m-(12.37±0,2)  Mev»M 

(b)  P31 *Si44+He4+  ( 1 .90940.013)  Mev15 

(c)  Si48+d— *Si49+/>+  (6.246  40.007)  Mev7 

(d)  2d— »He4+  (23 .8344:0.007)  Mev14 

(2d— He4)— 1.909  Mev- 6.246  Mev- 12.37  Mev 
= 3.3140.20  Mev 

II.  (a)  SiM+d-»Si30+  /»+(8.388i0.013)  Mev8 

(b)  Pw^Sii0+(4.52d-0.35)  Mev16 

(c)  4/>+(0.782±0.001)  Mevu 

Q=(p-«)_ 4.52  Mev+8.388  Mev 
= 3.09±0.35  Mev 

A weighted  average  of  results  I and  II  is  3.2540.18  Mev. 


“Li,  Whaling,  Fowler,  and  Lauritscn,  Phys.  Rev.  83,  512 
(1951). 

13  McElbinney,  Hanson,  Becker,  Duffield,  and  Dtven,  Phys. 
Rev.  75,  542  (1949). 

14  A.  Katz  and  L.  Penfold,  Phys.  Rev.  81,  815  (1951). 

15  D.  M.  Van  Patter  and  P.  M.  Endt,  preliminary  value. 

IS  C.  Magnan,  Ann.  phys.  15,  5 (1941). 


The  Reaction  S -In  the  case  of  the  reaction 
Si^fr^OP"1,  precise  estimates  of  the  energy  release  can  be  made 
by  two  independent  methods. 

I.  (a)  Si»-M-->Sia+£+  (4.36740,010)  Mev7 
(bj  Si!1^P5l-f  (I.SIrfcO.Oi)  Mev11 
(c)  »!-*/>+  (0.732  J=0.001)  Mev14 
Q—  (p—n) 4-4.367  Mev-fi.51  Ivlev 
= 5.09540.015  Mev 

H.  (a)  Si»+d-*Si»+*+  (8.38840.013)  Mev5 

(b)  Si,9+d^Siw4A4-(6.24640.007)  Mev7 

(c)  P3l4/'->Si4&-fHe<+(i,90940-015)  Mev15 

(d)  d—+p+n—  (2.22540.002)  Mev“ 

(e)  2d— >He*+ (23.834  40.007)  Mevu 
0 = {2d—  He*)  -f-  (d—  w ~ />)  — 6. 246  Mev 

— 8.388  Mev— 1.909  Mev 

~ 5.06640.022  Mev 

An  arithmetical  average  of  the  results  of  I and  II  is  5.0840.02 
Mev. 

The  foregoing  calculated  values  are  listed  in  Table  AI  of  this 
Appendix  together  with  values  estimated  from  a table  of  binding 
energies  recently  computed  by  Wapstra.10  The  agreement  between 
these  values  is  not  surprising,  because  Wapstra’s  binding  energies 
are  based  to  a large  extent  upon  and  *ar  0- values. 

It  may  be  seen  from  this  table  that  the  observed  0-value  for 
the  reaction  Si40{d,n)Pso  is  in  agreement  with  other  measurements, 
and,  in  fact,  establishes  the  mass  of  PJ0  with  greater  precision 
than  was  previously  possible.  The  observed  energy  release, 
4 924  0 04  Mev,  for  the  reaction  Si^djfOP*1  is  somewhat  lower 
than  the  more  accurate  predicted  value  of  5.0840.02  Mev; 
however,  it  seems  probable  that  the  ground-state  group  of  the 
reaction  has  been  observed.  In  the  case  of  Si *8(d,«)P?4,  the  ob- 
served energy  release  of  0.2940.04  Mev  is  in  distinct  disagreement 
with  the  estimated  value  of  0.8140.07  Mev.  This  discrepancy 
can  be  attributed  to  either  an  inaccuracy  in  the  early  measure- 
ment11 of  the  end  point  of  the  transition  P^^+Si49  or  to  the  fact 
that  the  ground  state  of  the  reaction  Si^C^nJP**  has  not  been 
observed  in  the  measurements  of  the  present  paper. 


17  H.  W.  Newson,  Phys.  Rev,  51,  624  (1937). 
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Trajectories  in  an  Axial  Focusing  Double  Lens  Spectrometer* 

S.  C.  Snowdon* 

Bnrtol  Research  Inundation  of  the  Franklin  Institute , Suarthmore,  Pennsylvania 
(Received  May  16,  1951) 

The  trajectories  of  an  electron  with  zero  canonical  angular  momentum  ( P# ~ (erA ^/c)  = 0)  have  been 
coni  puled  a*,  tilt  iiii  id-order  accuracy  for  a 1/(1+**)  axial  field  shape.  By  suitably  matching  the  above  solu- 
tions with  a set  of  similar  solutions  obtained  by  shifting  the  origin,  it  is  possible  to  obtain  the  complete  zero 
canonical  angular  momentum  trajectories  corresponding  to  the  double  lens  problem  in  which  the  axial  held 
shape  approximates  rather  closely  one  that  is  physically  realizable.  The  numerical  computations  illustrate 
several  typical  trajectories.  Design  considerations  arc  given  to  illustrate  the  utility  and  limitations  of  the 
theory. 


INTRODUCTION 

IT  is  of  interest  to  consider  the  electron  trajectories 
in  a magnetic  field  whose  variation  along  the  axis  is 
given  by  two  juxtaposed  sections  of  a 1/(1 +x?)  distri- 
bution since  it  may  be  shown  that  the  actual  axial  field 
distribution  of  a double  lens  spectrometer  (Fig.  1)  may 
be  approximated  by  the  above  double  bell-shaped  field 
(Fig.  2 and  Table  i). 

The  motion  of  an  electron  in  an  axially  symmetric 
magnetic  field  has  been  discussed  by  Zworykin,  p.t  al] 
who  showed  that  for  the  case  of  zero  canonical  angular 
momentum  the  equation  of  the  radial  component  of  the 
trajectory  is 

d2p  l/dA#2  dpdA^2\ 

{A**- A/) h-( ) 

dz 2 2 \ dp  dz  dz-  / 

xl^+fr)  l=°>  U) 

L v dz/  J 

where  p is  the  radial  distance,  z is  the  axial  distance,  A + 
is  the  vector  potential  of  the  magnetic  field,  and  Aq  is  a 
constant  equal  to  the  uniform  field  (Hp)  value  of  an 
electron  of  energy  e<f>.  If  the  relativistic  mass  variation 
is  taken  into  account,  it  may  be  shown  that 


Aq—  (2  woc^/e-r  $2)F 


h-'-l 


Fig,  1.  General  size,  cross  section,  and  location  uf  the  two 
identical  coils  used  in  the  double  lens  spectrometer.  The  dimen- 
sions arc  as  follows:  a,  — 8.36  in.,  u3=t?  5 in  . / = 9.125  in.,  and 
/?=53.0  in.  Other  similar  designs  may  be  obtained  by  multiplying 
all  distances  by  a constant  factor. 


* Assisted  by  the  joint  program  of  the  ONR  and  AEC, 

1 Zworykin,  et  aL}  Electron  Optics  and  the  Electron  Microscope 
(John  Wilev  and  Sons,  Inc..  NVw  Ynrk).  rv  504. 


The  azimuthal  motion  may  be  derived  from  the  radial 
motion  through  the  equation : 

v4+(i)  I ■t**-*'**'  <3) 

where  designates  the  azimuth  angle. 

The  vector  potential  A9  may  be  expanded  in  powers 
of  p as 

A^\pH{z)-^Hf\^  + {\/m)pm{zY^^  . . (4) 

where  17(g)  is  the  field  on  the  axis. 

Agnew  and  Anderson2  have  given  a special  case  of  the 
first-order  or  paraxial  trajectories  in  the  double  bell- 
shaped field  to  be  considered  here.  These  first-order 
calculations  are  the  result  of  linearizing  Eq.  (1)  for 
small  values  of  p.  Because  of  this  linearity,  their  tra- 
jectories do  not  include  the  concept  of  a ring  focus  which 
is  essentially  a nonlinear  phenomenon.  Since  a third- 
order  calculation  includes  a first  approximation  of  the 
nonlinearity  involved  in  Eq.  (1),  the  following  third 
orcler  calculations  give  an  improved  notion  of  the  nature 
of  the  trajectories  in  the  double  beii-shaped  axial  field. 
For  the  range  of  initial  angles  under  consideration,  0° 
to  40°,  it  is  reasonable  to  suppose  that  the  trajectories 
resulting  from  this  third-order  calculation  are  not 
greatly  at  variance  with  the  exact  trajectories  in  the 
double  bell-shaped  field.  No  estimate  of  the  fifth-order 
calculations  are  given  because  of  their  complexity. 
Furthermore,  since  it  is  intended  that  the  double  lens 
spectrometer  field  trajectories  are  to  be  approximated 
by  those  of  the  double  bell-shaped  field  and  since  the 
actual  double  lens  axial  field  is  only  approximately  given 
by  the  double  beii-shaped  field,  there  is  added  justifica- 
tion for  not  considering  an  approximation  beyond  the 
third  order. 

In  particular,  since  an  electron  starting  out  on  the  axis 
must  necessarily  have  zero  canonical  angular  mo- 
mentum., the  trajectories  will  be  arranged  so  that  only 
the  focusing  of  a point  source  of  electrons  on  tire  axis 
will  be  considered.  The  focusing  of  a point  source  off 
axis,  in  general,  requires  a consideration  of  all  values  of 

2 H.  M.  Agnew  and  H.  L.  Anderson,  Rev.  Sci.  Instr.  20,  869 
(1949), 
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Taulh  I.  Axial  magnetic  Peld  of  coils  shown  in  Fig.  1. 
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the  canonical  angular  momentum  constant:  One  might 
choose  to  ask  how  the  zero  canonical  angular  mo- 
mentum trajectories  associated  with  the  off  axis  point 
source  behave  and,  in  this  manner,  get  some  idea  of  the 
nature  nf  the  focusing  of  these  points.  We  have  chosen 
to  omit  this  consideration. 

Finally  by  replacing  A?  in  E q.  (1)  by  the  series  ex- 
pansion  given  by  Eq.  (4)  and  subsequently  approxi- 
mating Eq.  (1)  in  such  a manner  that  only  the  terms  in 
p and  dp/dz  up  to  and  including  the  third  power  appear, 
a differential  equation  will  result  which  will  give  the 
third-order  radial  trajectories  as  distinct  from  the  first- 
order  or  paraxial  trajectories. 

SINGLE  BELL-SHAPED  FIELD  TRAJECTORIES 


terms  in  X and  p. 


P”+kW=* 0 with  P-  0,  jP'«  1 at  s-0,  (9) 

Q'i+Pk*Q~Q  with  Q~- 1,  at  rc-G,  (10) 

R;'+kW*R^  (k*Wr/2--frh*)P* 

AkVih'P’P'1--  kVtHP'yP 

with  JS=je'«=0  at  x—0f  (11) 


S"+ kWS^  3k2(hh"- 2k2h*)P2Q/2 


r r>  nt  i rr’>s>r\ 

~TK  nn  V i 


-k2h2[Q(py+2PQ'pfi 


with  S—S'  — Q at  x=0y  (12) 


Tn+kWT=W{hh"-2k*h')Q2P/2 

+k*kk'(2PQQ'+Q2P') 

-Pk*ZP(Q^*+2Q&Pt] 

with  r=r= 0 at  x=0,  (13) 


As  already  discussed,  the  bell-shaped  field  used  will  be 
taken  as 


H(z)~H0/(l+z*/a*).  (5) 


For  convenience  the  following  symbols  are  introduced : 


a=the  half-breadth  at  half-maximum  of  the  axial 
magnetic  fieid  distribution, 
ffo=the  maximum  value  of  the  axial  magnetic  field, 
y=the  radial  coordinate  of  the  electron  in  units  of  a, 
X—  the  axial  coordinate  ui  LL c electron  m units  or  d, 


v?=the  angular  displacement  of  the  electron  around 
the  axis, 

A — the  axial  magnetic  field  in  units  of  Ho. 


In  addicion,  a measure  of  the  strength  of  the  magnetic 
field  relative  to  the  momentum  of  the  electron  is  defined 
as: 


k=aHo/2Ao.  (6) 

Equation  (1),  in  the  approximation  being  considered, 
becomes 

y'+JMty- (m/72-iVd)y3+A2AA/yV-i2A2(y/)3y,  (7) 

where  the  prime  designates  a derivative  with  respect  to  x 
and 


/*=  !/(!+*»). 


To  solve  Eq.  (7)  let 

y=  XP+pQ+\3R+X2pS+  X^T+^U,  (8) 

The  paraxial  or  first-order  solution  would  result  from 
assuming  that  only  the  first  two  terms  were  present. 
Substituting  Eq.  (8)  into  Eq.  (7)  gives  the  following 
linear  equations  upon  equating  the  coefficients  of  similar 


U"+k*h*U=kKhh"-2k2h')Q*/2 

with  U=U'=Q  at  x~0,  (14) 

The  conditions  at  £=0  were  chosen  in  order  that 
\ — 8y/dxr  and  tx  = y at  x=0.  This  makes  the  functions 
( Q , $,  U)  even  in  x and  the  functions  ( P , if,  T)  odd  in  x . 

To  solve  Eqs.  (9)-(14)  it  is  convenient  to  introduce 
the  variable  6 through  the  relation: 

£=tan  6.  (15) 

Equations  (9)  and  (10)  arc  easily  solved,  the  solutions 
being  given  in  Eqs.  (20)  and  (21).  Substituting  these 


Fig.  2.  Axial  magnetic  fields,  (a)  From  — <*><*<2.5, 
A=  1/(1 -fx3),  from  2.5  <x<  »,  A — l/[l-h(^— 2.5)aj.  (b)  Magnetic 
field,  normalized  to  unity  at  x=>  0,  calculated  for  the  coils  shown  in 
Fig,  1 using  equations  in  Deulsch,  Elliott,  and  Evans,  Rev.  Sd. 
Instr.  IS,  1/8  (1944).  The  coil  separation  is  set  at  5a,  to  coincide 
with  {a).  For  the  best  fit  with  the  coils  shown  in  Fig.  1,  the  scale 
factor  a was  taken  to  be  10.(50  in. 
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solutions  into  Eqs.  (U)-(14)  and  defining  r=*Rcos0, 
s S cos 0,  /-  = T cos 0,  u-~  U cos#  gives : 


d*r 

dV 


k2 


2 (i+.w)» 

k2 


(l+cos20)  sin(i+A2)*0 


2(l+£2) 


sin2  6 ( cos  ( 1+ k2) 


-cos3(l+fe*)*w),  (16) 


a*s 


(1+F)i 


k2 

— (l+cos2fl)  cos(l+Jk*)^ 

2 


_j sin20(sbi  (i  - j-  k1)  *0 

2(1+*2)* 

-3  sin3(l+*s)J0).  (17) 


d2t 

de* 


:+(l +**)/ 

Jfe2(l+*2)* 


(l+cos20)  sin(l+ W 


kf 

sin20(cos(H-&2)*0+3  cos3(l+A2)*0)i  (18) 

2 


d2u 


de2 


■(1 +ks)u 

&(!+&) 


< II  — -Om 

i tv  j U 


2 


)in20(sin(l+&2)*0 

+sin3(l+F)*0).  (19) 


Fig.  3.  Complete  trajectories  in  the  double  bell-shaped  axial 
magnetic  field  for  l*  = 2 and  each  with  ari^O  and  for  k2  — 1 
with  S1--1.G30. 


It  will  be  noticed  that  an  even  operator  acts  on  the 
functions  (r,  sy  /,  u ) to  produce  either  even  or  odd 
functions.  In  these  cases  it  can  he  shown  that  the 
particular  integrals  may  be  chosen  to  have  the  sym- 
metry ff  the  inhomogeneous  part  of  the  equation. 
Complementary  solutions,  Eqs.  (20)  and  (21),  then  are 
added  to  allow  the  conditions  at  0-0  Lo  be  satisfied.  By 
assuming  the  form  of  the  particular  integral,  the 
coefficients  may  be  determined  by  substitution  into  the 
differential  equation.  A check  on  the  resulting  solution 
was  obtained  by  using  the  fact  that  the  differential 
operator  is  self-adjoint,  thus  allowing  the  comple- 
mentary solutions  to  be  used  as  integrating  factors  In 
solving  the  equations  by  direct  integration.  The  results 
are: 


sin(l+F)*0 


(1+F)*  cosfl 


cos(l+F)*0 

e= — , 

COS0 


1 

/?= 

8(l+Jfe2)«(4*2+3)  cose 

X{2.M(l- ■{  £*)‘(4ifeM-3)0  cos(l+**)?9 

-(164«+17Jfe2+3)  sin(l+£2)»0| 

3 cos20  sin3(l“i-fc2),fl 

I __ 

' 8 (l+fc2)*(4fe2+3)  cos0 


(») 


(21) 


sin20 

+8(l+jfe!)(4jfe2+3)  cos0 
XUW+3)  cos(H-A*)*P 

-(2*2+3)  cos3(l+Jfe2)*0},  (22) 


-1 

S— 

8(!+£5)»(4£H-3  cos0 

X{2F(4jfeM-3)0sin(l+£2)*0 

9 cos 20 

+9(<+P)*cos(l+jfe*)»0H 

8(4&24-3)  cos0 


sin20 

•cos3(l-|-£2)}0 

S(l+fc2)*(4fc2+3)  cos« 

X |ft*(4**+3)  sin(l+*2)»0 

-3(2£H-3)sin3(I+£2)‘0}s  (23) 
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(24) 


(25) 

Equations  (20)— (25)  together  with  Eqs.  (8)  and  (15) 
constitute  the  complete  third-order  solution  of  the 
trajectories  of  the  bell-shaped  field.  For  a given  k , a 
trajectory  is  defined  by  the  number  pair  (Xi,  mi)  where  Xi 
and  iii  are.  respectively,  the  particular  choices  of  the 
slope  and  value  of  the  trajectory  at  the  origin.  An 
alternative  designation  of  the  trajectories  may  be  made 
usher  the  number  oair  (X.  xi)  where  X\  is  the  initial 

^ A - 

position  of  the  electron  starting  out  on  the  axis  and  X 
is  the  corresponding  slope  at  To  convert  from  (X,  X\) 
to  (Xi,  mi)  it  is  necessary  to  solve  the  pair  of  equations: 

y(\u  m ; *0  = 0;  y'(X i,  mi;  *0  = X.  '26) 

This  will  give  Xi(X,  xt)  and  mi(X,  Xi)  which  may  be 
inserted  into  Eq.  (8)  for  the  number  pair  (X,  g)  to  give 
the  trajectory  beginning  at  x=xu  y= 0 with  a slope  X. 
The  simple  bell-shaped  field  trajectories,  of  course,  do 
not  form  as  close  an  approximation  to  the  actual  single 
coil  trajectories  as  do  the  double  bell-shaped  field 
trajectories  to  the  actual  double  coil  trajectories.  For 
this  reason,  it  is  not  possible  to  check  the  single  lens 
solution  with  the  careful  single  lens  computations  of 
Keller,  Koenigsberg,  and  Paskin.3 

DOUBLE  BELL-SHAPED  FIELD  TRAJECTORIES 

If  the  center  of  the  first  coil  (see  Fig.  1)  is  at  ^ = 0 and 
the  center  of  the  second  coil  is  at  x=^  2x0,  then  let  region 
I be  defined  by  — <x<x0  and  region  II  be  defined  by 

3 J.  M.  Keller,  E.  Koenigsberg,  and  A.  Paskin,  Rev.  Sci.  Instr. 
21,  7L5  (1950) 


r,-~ 


8(l+*2)*(4*H-3)  costf 

X { 2k2(  l \ k^  (4&2- 1 3)  0 cos(  1 ■ + £9)  *0 
-(i6£4-3£2-9)  sin(l +k*)*3\ 
9(H*Jfe2)i  cos20 


•sin 3(1+W 


£/=■ 


8(4&2+3)  cos£ 
sin2# 

{F(4£2  } 3)  cos(l+£2)*0 

fi/JH  I o\  ^ ri 

C y+K  -J ) LUi>U 

+3( 2F+3)  cos3(l  + £2)'0j, 
-{2F(4F+3)0sin(l+W 


8(4**+ 3)  cosO 


-3(l+£!)»cos(l+W| 
•cos3(l+&2)s0 


3(1+ k2)  cos2 6 
8(4&2+3)  cos© 
(l+£2)*sin20 


8(4vfe2+3)  cose 
X<F(4*2+3)sin(l+ft2)‘0 

+ (2£2+3)  sin3(l+fe*)*ej. 


Fiu.  4.  Complete  irajectories  in  the  double  hell-shaped  axial 
magnetic  field  for  k2  — 0.75  with  *i=  — 1.030  and  r;  = — n.fiR4. 
Dotted  lines  indicate  position  of  coils. 


.r0<*  < 00  . For  the  same  k in  each  region  (same  ampere- 
t arns  in  each  coil),  let  the  radial  trajectory  be  designated 
in  region  I by  yj=y(k,  \h  mi;#)  and  in  region  II  by 
yii^yik*  X2,  Ms?  2*o).  The  conditions  for  smooth 
matching  of  the  trajectories  at  x=x0  may  be  stated  as: 

y(k,  Xi,  m;xQ)  = y(k,  x2,  Mri  -#oX  (27) 

and 

y'(kf  Xi,  hj  ;xo)=y'(k,  X2,  n?.\  — xQ).  (28) 

For  a fixed  k and  xQ  it  is  desired  to  know'  X2  and  M2  in 
terms  of  Xj  and  Mi.  Then,  since  the  solution  of  Eq.  (26) 
gives  Xi  and  mi  in  terms  of  X and  xu  it  is  possible  to 
obtain  X2  and  M2  in  terms  of  X and  x\.  Thus,  one  picks  a 
value  X\  where  the  electron  starts  out  on  the  axis  with  a 
slope  X.  From  this,  Xi,  mi,  X2,  ms  may  be  determined  by 
solving  Eqs.  (26)— (28).  By  the  use  of  Eqs.  (8),  (15),  and 
(20)-(25)  the  complete  trajectory  may  be  drawn. 

The  sample  trajectories  are  drawn  for  P — 0.75  with 
£0-  — 1.050 and  —0.684,  for  &“=  1.000  with  xi=  — i.030, 
and  for  k2~  2.000  and  3.000  each  with  xi  = 0.000.  In  each 
case  the  value  of  #o  was  taken  to  be  2.500.  The  values  of 
the  initial  slope  X range  from  0,100  to  0.800.  Table  III 
gives  the  results  of  a graphical  solution  of  Eqs,  (26), 
(27)  and  (28).  By  using  the  tabulated  values  of  the 
functions  ( P , Q}  R , S , T,  U)  in  Table  II,  it  then  is 
possible  to  construct  the  complete  trajectories  (Table  IV 
and  Figs.  3 and  4. 


Discussion 

An  examination  of  the  trajectories  in  Figs.  3 and  4 
allows  that  some  cases  do  not  display  suitable  ring  foci. 
This  situation  arose  because  it  was  not  known  a priori 
what  values  of  k 2 and  X\  to  choose  before  starting  the 
calculation.  The  trajectories  for  k2  — 2 and  3 with  .ti  = 0 
were  calculated  first  because  the  computations  are 
considerably  reduced  if  X\  is  set  equal  to  zero.  For  h? -- 3 
the  trajectories  between  X = 0.5  and  0.7  come  to  a good 
focus  at  #=5.25,  y- f —0.12,  For  k2—2  the  trajectories 
between  X = 0.4  and  0.7  come  to  a reasonably  good  focus 
at  £ = 4.4,  y — 0.48.  A value  of  k~  somewhat  nearer  to  3 
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Table  II.  Functions  used  ii;  computing  trajectories.  The  derivatives  were  calculated  by  taking  the  derivative 
of  the  functions  rather  than  hy  using  differences.  Differences  not  shown  gave  rough  check. 
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than  2 would  undoubtedly  give  a good  point  focus  on  the 
axis  since,  at  the  focus,  y is  negative  for  P=3  and 
positive  for  P=  2. 

It  was  then  realized  that  rather  a large  power 
dissipation  in  the  coils  would  result  from  using  these 
trajectories  since  the  magnetic  field  from  x=  — <*>  to 
0andfromx=5  tos=<»  is  not  utilized.  For  example, 
if  P — 3 is  used,  about  200  kw  would  be  needed  to  focus 
a 12-Mev  electron.  To  remedy  this,  the  trajectories  fer 


k2—  \ and  xi=  — 1.030  (0i  = —0.800)  were  computed.  A 
rather  poor  focus  of  the  trajectories  between  A = 0.1  and 
0.33  was  obtained  at  #=4.2,  y = 0.05.  In  order  to  include 
the  higher  angle  trajectories  in  the  focus,  a lower  value 
of  P=0.75  was  tried  with  the  same  #i=  — 1.030.  The 
situation  improved  somewhat,  a rather  poor  focus  being 
obtained  for  the  trajectories  between  A = 0.1  and  0.4  at 
#=5.7,  y = 0.05.  Keeping  the  same  value  of  P = 0.75,  the 
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Table  III,  Matching  conditions  for  the  various  trajectories  with  av  ’2.500.  In  the  where  .vi  = 0 the  valuer  of  A*  and  /i|  are  easily 

determined  to  be  Ai^X,  and  jlu*~  0. 
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0300 
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0300 
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0330 
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-0.052 

0.400 
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0.010 

0.400 

-0381 

-0.005 

0.440 

0.231 

0.396  —0.073 

-0.169 

0.500 

- 1.082 

-0.089 

0.500 

-0381 

-0,021 

0.560 

0.267 

0.498  0.024 

-0.362 

0.600 

-1.113 

-0.132 

0.600 

-0319 

-0.040 

0.670 

0.287 

0.590  0.287 

-0.590 

0.700 

-1.090 

-0.127 

0.700 

-0,186 

-0.074 

0.800 

— 0,986 

-0.063 

focus  for  the  trajectories  between  X = 0,4  and  0,7  was 
obtained  at  £=4*95,  y = 0.55.  From  the  manner  in  which 
the  trajectories  seemed  to  be  lifting  with  fc2  and  x j a 
slightly  better  focus  would  probably  occur  for  £2—  1 and 
?:  = — 0*547  (0i=  —0.500),  however,  it  was  felt  that  the 
small  improvements  that  would  occur  might  be  nullified 
by  the  inexactness  of  the  theory  so  that  further  compu- 
tations were  not  carried  out.  The  chief  result,  apart 
from  an  understanding  of  the  nature  of  the  trajectories, 
is  that  the  maximum  radial  excursion  of  the  usable 
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at  £=4.0  assuming  that  the  trajectories  for  £2  = 0,75  and 
£i=— 0.685  are  adopted.  It  should  be  noted  that  the 
inside  diameter  of  the  coils  occurs  at  0.788  as  may  be 
seen  from  the  next  section.  Therefore,  the  latter 
trajectories  are  somewhat  outside  the  minimum  radius 
that  the  vacuum  chamber  is  allowed  to  have.  However, 
in  view  of  small  experimental  changes  that  may  be  made 
in  the  choice  of  & and  xh  it  is  believed  that  an  adequate 
design  may  now  be  formulated. 

DOUBLE  LENS  SPECTROMETER 

In  order  that  the  theory  of  the  bell-shaped  field 
trajectories  shall  be  a reasonable  approximation  to  the 
actual  trajectories  in  a double  lens  spectrometer,  it  is 
necessary  that  the  actual  coil  configuration  shall  give  a 
field  along  the  axis  that  rather  closely  approximates  the 
double  bell-shaped  field.  Figure  2 shows  that  this  may  he 
done.  The  first  coil  design  that  was  under  consideration 
was  to  be  made  using  2. 000-in. X0.0625-in.  copper  bus 
bar  for  the  current  carrying  eiement  and  0.375  in.  sq 
copper  tubing  for  the  cooling.  There  were  to  be  4 copper 
bus  coils  of  126  turns  using  0.010-in.  insulation  and  3-sq 
copper  tubing  spirals  sandwiched  between  for  cooling. 
Two  additional  cooling  coils  were  then  to  be  placed  on 
the  outside. 


This  gave  a cross  section  for  the  coil  of  9.125  in.  by 
9*140  in.  The  inside  diameter  was  taken  to  be  8.360  in. 
Figure  2 shows  that  the  actual  field  could  be  ap- 
proximated by  the  double  bell-shaped  field  if  the 
separation  between  the  coils  were  taken  as  53.0  in.  Since 
the  dimensionless  measure  of  the  coil  separation  was 
taken  to  be  5*000,  this  required  that  Uie  unit  of  distance, 
a,  be  taken  as  10,6  in.  Thus,  in  Fig.  4 all  the  dimension- 
less measures  of  distance  should  be  multiplied  by  10.6  in. 
to  give  the  actual  distances  in  inches.  If  a design  using 
3000  amp/in.2  as  the  maximum  allowable  current 
density  is  under  consideration,  then  the  power  con- 
sumption in  the  coils  is  160  kw  total,  and  the  maximum 
energy  electron  that  may  be  focused  is  about  22  Mev. 
The  value  of  £f0  = 4700  gauss  and  the  value  of  Aq=  72,400 
gauss-cm. 

If  one  were  to  consider  a design  where  10  Mev  is  the 
maximum  election  energy,  and  where  a more  conserva- 
tive value  of  2000  amps/in.2  is  taken  for  the  maximum 
allowable  current  density,  then  all  the  above  dimension- 
less considerations  hold ; it  is  only  necessary  to  find  the 
new  unit  of  distance,  a.  Letting  primes  designate  the 
values  in  the  previous  example,  it  may  be  shown  that: 

(a/a')2=kj'Ao/k'jA0\  (29) 

and  if  P designates  the  total  power  consumption, 

P/P'=  (30) 

For  the  new  example,  j/j'  = §,  and  since  A 0=  34,600 
gauss-cm  for  a 10-Mev  electron,  yloMo'— 0.478.  There- 
fore, a = 0.85a' =9.0  in.  and  the  power  required  is 
P=  (2/3)3X  (0,85)3X  160=43  kw.  This  figure  is  about  a 
factor  of  two  higher  than  that  required  by  a comparable 
uniform  field  design  but  might  be  bettered  somewhat  if 
more  of  the  magnetic  acid  beyond  £=5  were  utilised 
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i able  IV.  Complete  trajectories  for  :c0=  :z.5G0.  The 
equal  zero  exactly  (i.e.. 
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This  would  mean  an  investigation  of  the  trajectories  for 
somewhat  lower  values  of  X and  k 2 for  various  values  of 
x’i  to  see  if  a suitable  ring  focus  could  be  obtained  at 
,r>5.0. 

As  a compensation  for  this  higher  power  figure,  it  may 
be  shown  that  the  resolution  of  the  double  lens  spec- 
trometer is  about  eight  times  that  of  the  uniform  field 
type  for  the  same  transmission.  Consider  the  focusing  of 
the  rays  between  X — 0.4  and  \ = 0.7  (5.5  percent  of  a 
sphere  transmission).  Figure  4 shows  that  these  come  to 
a ring  focus  within  a range  of  about  0.03  in  y for  A2*  0.75, 
The  momentum  dispersion  may  be  estimated  as  follows : 
from  Fig.  3 for  k*—  1,  it  may  be  seen  that,  for  the  mean 
trajectory  (X— 0.55),  y=  — 0.36  at  x=  5;  Fig.  4 for 
£2— 0.75  gives  y==0.13  at  x— 5.  Since  the  ring  focus  will 
occur  in  the  neighborhood  of  x=5,  it  is  reasonable  to 
assume  that  the  shift  in  y for  the  mean  trajectory  at 


x=  5 will  be  about  the  same  as  for  the  actual  trajectories 
used  (i.e.,  those  more  nearly  like  Fig.  4 for  fe2= 0.75  and 
x*i-~  —0.685).  The  change  in  the  radial  position  of  the 
ring  focus  for  a given  percentage  change  in  the  mo- 
mentum then  is  measured  by  Ac^p/SAq  and  for  the 
above  figures,  this  is  3.43a  where,  a,  is  the  unit  of 
distance  associated  with  the  design.  A measure  of  the 
resolution  may  be  taken  as  this  dispersion  divided  by 
0.03a,  or  114.  Tf  the  trajectories  of  the  uniform  field 
spectrometer  are  drawn  and  similar  estimates  made,  the 
figure  corresponding  to  0.03a  is  0.02a  and  the  figure 
corresponding  to  3.43a  is  0.275a.  Therefore,  a measure 
of  the  momentum  resolution  similar  to  the  above  figure 
is  13.8.  The  ratio  of  these  two  resolutions  is  about  eight. 
The  actual  ratio  may  be  somewhat  smaller  than  this 
since  more  of  the  magnetic  field  is  utilized  in  the 
Xi  =1.030  trajectories  than  in  the  Xi=—  0.685  tra- 
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jectories. 

The 

actual  resolution  of 

the  double  lens 

use  of  photographic  plates.  These 

methods  will  also 

spectrometer  could  be  calculated  rather  than  esti- 
mated as  above,  if  the  equation  for  the  trajectories 
ynf£,  X2(X),  M2(X);*]  were  linearized  in  the  region  of 
the  ring  focus-  This  seemed  like  an  unreasonably  long 
process  so  was  not  attempted. 

If  a design  based  on  the  above  calculations  is  used,  it 
is  reasonable  to  suppose  that  the  most  desirable 
trajectories  can  be  made  to  fall  within  the  vacuum 
chamber.  The  exact  trajectories  can  then  be  investigated 
by  either  of  two  techniques.  One  method  makes  use  of 
the  fact  that  a length  of  0.003  in.  copper  wire  carrying  a 
suitable  current  traces  out  the  exact  trajectory  of  the 


determine  the  trajectories  of  the  off  axis  source  points. 
Finally,  as  regards  the  azimuthal  variation,  Eq.  (3),  it 
was  felt  that  this  could  be  handled  easily  by  experiment. 
No  calculation  of  &{x)  was  undertaken  since  it  would 
only  serve  to  determine  the  rotation  of  the  helical 
baffles.  A first-order  estimate  of  this  rotation  may  be 
found  in  Agnew  and  Anderson.2  This  should  be  sufficient 
since  the  only  purpose  of  these  baffles  is  to  discriminate 
between  electron  and  positrons. 
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Absence  of  a Detectable  Diurnal  Variation  in  the 
Frequency  of  Heavy  Primaries  anu  Nuclear 
Disintegrations  at  80,000  Feet* 

Go F DOW  W,  McClurs  and  Marti*  A.  Pombrantz 
Btitt&l  Research  Funndaiion  of  f/Vc  Franklin  Institute , 

Sivcrihtnore,  Pennsylvania 
(Received  November  1,  1950 


A BALLOON- BORNE  ionization  chamber  of  the  type  pre- 
viously employed  to  measure  the  variation  of  burst  fre- 
quency with  altitude  at  geomagnetic  latitudes  S^N1  and  69" N* 
has  been  sent  aloft  at  night  at  Minneapolis,  Minnesota,  with  the 
cooperation  of  ONR  Project  Skyhook  in  an  attempt  to  detect  a 
possible  diurnal  fluctuation  in  the  intensity  of  the  burst-producing 
radiation. 

As  in  former  flights,  the  instrument  was  calibrated  by  means  of 
a built-in  Po  — a source,  and  was  adjusted  to  respond  to  bursts  of 
ionization  >1.0  Po~ a.  Our  standard  method  of  burst-telemeter- 
ing and  recording  was  used.  Altitude  data  were  supplied  by  General 
Mills  Aeronautical  Research  Laboratory.  To  maintain  the  in- 
ternal temperature  at  a safe  level  during  the  night,  the  gondola 
was  wrapped  in  a 3- inch  layer  of  cellulose  padding  and  was 
( heated  electrically  by  storage  batteries. 

According  to  preflight  plans,  the  instrument  was  to  reach  about 
>>0,000  teet  shortly  after  sundown  and  remain  near  that  level  until 
the  following  afternoon.  Had  this  performance  been  realized,  data 
from  the  Minnesota  flight  alone  would  have  sufficed  to  establish 
the  magnitude  of  the  diurnal  effect.  Actually,  the  balloon  altitude 
dropped  rather  rapidly  after  midnight  and  did  not  increase  again 
at  daybreak;  consequently,  it  was  necessary  to  compare  the  night 
counting  rates  at  Minneapolis  (geomag,  lat.  55  °N)  with  the  day 
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Fig.  1.  Altitude  vs  time  curve  (solid  line)  for  night  flight  at  geomagnetic 
latitude  55°N  and  counting  rates  solid  circles)  obtained  with  icnlz  tlon 
chamb**r  biased  to  record  bursts  > 1 Po— a.  Counting  rates  averaged  trom 
four  daytime  flights  (dashed  curve)  at  corresponding  altitudes  show  no 
significant  deviations  from  night  rates. 


rates  recorded  at  Swarthmore  (geornag.  lat.  52  °N).  The  necessity 
of  relying  on  the  data  from  a single  night  night  ir  not  regarded  as 

serious  source  of  error,  since  variations  in  the  data  obtained 
from  different  instruments  in  numerous  flights  at  Swarthmore  and 
Ft.  Churchill  have  been  within  the  statistical  uncertainties. 

The  latitude  effect  between  Swarthmore  and  Minneapolis  for 
this  type  of  instrument  is  regarded  as  negligible  in  the  light  of 
previous  measurements  which  have  established  that  the  daytime 
burst  rates  are  the  same  at  52°N  and  69°N  at  all  altitudes  up  to 
100,000  feet. 

The  altitudes  and  burst  rates  recorded  during  the  night  flight 
are  plotted  in  Fig.  1.  The  dashed  curve  rep resents  the  counting 
rates  averaged  from  four  daytime  flights  at  corresponding  alti- 
tudes. The  night  counting  rates  are  in  excellent  agreement  with 
the  day  rates  at  all  altitudes  attained  between  sunset  and  sunrise. 
If  a diurnal  variation  in  the  burst  rate  exists  at  all,  its  magnitude 
does  not  exceed  the  combined  statistical  and  systematic  uncer- 
tainties which  are  estimated  as  ±5  percent. 

According  to  a previous  analysis1  of  the  daytime  results,  37 
percent  of  the  bursts  at  80,000  feet  are  caused  by  primary  heavy 
nuclei  of  charge  Z> 8 and  the  remainder  by  nuclear  disintegrations 
occurring  in  the  chamber  walls.  Excluding  the  possibility  that  the 
intensities  of  the  heavy  nuclei  and  of  tne  star-producing  radiation 
vary  from  night  to  day  in  opposite  senses  (an  increase  in  one 
being  partially  compensated  by  a decrease  in  the  other),  it  is 
concluded  that  the  heavy  nucleus  intensity  does  not  change  by 
more  than  ±13  percent,  nor  the  frequency  of  stars  by  more  than 
±9  percent  from  night  to  day, 

Photographic  emulsion  results*  have  indicated  that  the  diurnal 
variation  in  the  frequency  of  stars  at  balloon  altitudes  is  smaller 
than  5 percent.  On  the  other  hand,  the  available  emulsion  data 
concerning  heavy  nuclei*”4  seem  to  show  a aighttime  drop  in 
intensity  of  50  to  70  percent  below  the  daytime  value  for  nuclei 
with  Z>  10. 

If  the  emulsion  evidence  is  correct  on  both  points,  the  ion 
chamber  rates  should  have  been  18  to  26  percent  lower  during  the 
night,  at  80,000  >et.  Such  an  effect  is  not  observed  and  indeed 
lies  considerably  ou  -.-’de  the  range  cf  the  systematic  and  statistical 
uncertainties  in  the  p'^sent  results. 

We  are  grateful  to  Mr.  A.  T.  Bauman  for  the  arrangement  and 
supervision  of  the  balloon  flight,  and  to  the  National  Geographic 
Society  for  continued  support. 

* Assisted  by  the  Joint  program  of  the  ONR  and  AEG. 

1 G.  VV.  McClure  and  M.  A.  Pomerantz,  Phys.  Rev.  79,  911  (1950), 

* Results  to  be  published. 

4 J.  j.  Lord  and  M,  Schem,  Phys.  Rev.  78.  4S4  (1950). 

4 J.  J.  Lord  and  M.  Schein,  Phys.  Rev.  EO.  304  (1950). 

4 Freier  Npv,  Nsygle.  and  Anderson,  Phys.  Rev.  79,  206  (1950). 
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I1"  N seven  earlier  publications, 1-4  the  writers  have  described  the 
detection  of  scintillations  from  crystals  in  photosensitive  G-M 
tubes.  Detectable  scintillations  are  produced  when  the  crystals 
are  irradiated  by  alpha-,  beta-,  and  gamma-rays.  Since  the 
cathode  response  of  the  photon  counters  is  peaked  in  tke  ultra- 
violet, it  has  been  necessary  to  prepare  phosphors  which  would 
scintillate  in  that  region.  A cons  .rable  number  of  efficient 
ultraviolet  scintillators  have  already  been  reported,1*4  but  a de- 
tailed discussion  of  theii  emission  characteristics  has  not  been 
given.  The  ultraviolet  emission  from  several  of  these  scintillators 
has  been  determined  in  a small  Hilger  quartz  spectrograph, 
using  Eastman  103a-O  plates.t  Spectrograms  resulting  from 
alphac  on  CaFlf  NaC-  Ag,  and  NaBr-Ag  are  given  in  Fig.  1 
where  the  exposed  plates  are  themselves  reproduced.  Some  of 
the  scintillators  did  not  give  sufficient  intensity  for  gcoi  photo- 
graphic reproduction  even  after  a considerable  time  of  exposure. 
Accordingly,  their  spectra  have  been  drawn  along  with  those  of 
the  above  three  mentioned  phosphors  and  are  shown  in  Fig.  2. 
The  third  spectrogram  of  Fig  2 is  that  of  the  phosphorescence 
from  alphas  on  NaCl-Ag.  To  obtain  this  spectrum,  the  phosphor 
was  irradiated  for  1/120  of  a second,  allowed  to  decay  for  1/120 
sec,  exposed  before  the  slit  of  the  spectrograph  for  1/120  sec,  and 
allowed  to  decry  for  another  1/120  sec  before  again  being  irradi- 
ated. This  procedure  was  followed  for  sixteen  hours. 

From  the  spectrograms  presented,  it  is  evident  that  efficient 
ultraviolet  scintillators  exist  in  quantity  for  use  with  scintillation 
Geiger  counters  or  with  photomultipliers  having  their  peak  re- 
sponse in  the  ultraviolet.  It  is  to  be  noted  that  the  emission 
spectrum  of  Coming  °741  glass  is  included  among  the  spectro- 
grams of  Fig.  2.  This  glass  is  a highly  efficient  ultraviolet  trans- 
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Fig.  I.  Ultraviolet  emission  of  alphas  on  CaF2.  NaCl-Ag.  and  if at'r-Ag. 
This  is  an  actual  photographic  reproduction  of  th i exposed  plates. 
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Fig.  2.  Spectrograms  of  some  ultraviolet  scintillators.  Owing  to 
intensity  problems,  these  spec u a have  been  drawn. 


mitter  and  is  used  in  the  construction  of  the  walls  of  scintillation 
G-M  tubes.  Its  emissivr.“  spectrum  became  of  particular  interest 
when  it  was  found  that  alpha-particles  could  be  counted  by 
detection  in  scintillation  Geiger  counters  of  ultraviolet  emitted 
from  the  glass  walls  themselves.  For  example,  when  10  mHlicuries 
of  polonium  were  brought  near  a scintillation  Geiger  counter, 
although  no  scintillating  phosphors  were  present  to  be  bom- 
barded, a counting  rate  of  'MO6  counts  per  minute  was  observed- 
From  the  geumetry,  it  was  Mni&*ed  that  this  corresponded  to  a 
detection  efficiency  of  MG‘-  percent.  When  the  same  source 
was  housed  in  a bottle  oi  ordinary  soft  glass  and  placed  over  an 
RCA-5819  photomuitiplier  tube,  an  even  higher  detection  effi- 
ciency was  noted. 

♦ Assisted  by  the  joint  program  of  the  ONR  and  AEG. 

1 C.  E.  Ma Seville  and  H.  O.  Albrecht.  Phys.  P.?v.  79.  1010  f 1950) ; 
30.  117  (1950):  80,  ^59  80.  300  (1950). 

8 C.  E.  Mandeville.  Nucleonics  7.  No.  1.  92  (1950). 

1 C.  E.  Mandeville  and  M.  V.  Sche.-b.  Nucleonics  7.  No.  5.  34  (1950). 

4 H.  O.  Albrecht  and  C.  E.  MandeviUe.  Phys.  Rev,  81.  163  (1951). 

+ These  are  partial  spectra.  Both  the  long  and  short  wave  limits 
( .300  AU— 4500  AU)  of  the  recorded  spectrograms  have  been  determined 
to  a great  extent  by  the  sensitivity  of  th?  photographic  plates. 
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